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Executive  Summary 


Background  and  Intent: 

According  to  the  U.S.  Energy  Information  Administration’s  2011  Annual  Energy  Outlook,  fossil 
fuels  make  up  over  85%  of  the  US’s  eurrent  fuel  use  for  energy  generation.  Despite  optimistie 
growth  for  the  use  of  renewable  energy  fuels,  the  EIA  still  foreeasts  over  78%  fossil  fuel  use  for 
energy  generation  by  2035.  In  testimony  before  the  US  Senate  on  January  27,  2010,  Deputy 
Underseeretary  for  Defense  for  Installations  and  Environment,  Dr.  Dorothy  Robyn,  stated  that  the 
military’s  heavy  relianee  on  fossil  fuels  ereates  signifieant  risks  and  eosts  at  a  taetieal  and 
strategie  level.  ^ 

The  intent  of  this  projeet  was  to  demonstrate  a  solar  power  plant  that  aehieves  grid-parity  solar 
power  without  tax  eredits  or  rebates  on  a  DoD  installation.  Eor  purposes  of  this  discussion, 
grid-parity  is  defined  as  the  solar  power  plant  installed  and  operated  at  a  eost  at  or  below  the  eost 
of  eleetrieity  provided  by  the  loeal  utility,  ineluding  all  energy  and  demand  eharges. 

Based  on  data  from  September  2012  thru  August  2013  the  blended  eost  of  eleetrieity  from  the 
loeal  utility  provider  was  $0.1 1 1/kwh. 

Solar  Power  Plant  Deployed: 

In  May  of  2012,  Nanosolar  eommissioned  a  IMW  thin-film,  ground-mount  solar  PV  power  plant 
at  Camp  Roberts,  California.  Cost  cutting  features  in  the  plant  design  included:  1)  frameless  solar 
panels  manufaetured  with  a  unique,  low-eost,  printed  CIGS  teehnology;  2)  larger  1,937mm  x 
1,034mm  panels  than  eurrent,  typieal  panels  resulting  in  a  lower  Balanee  of  Systems  (BoS) 
racking,  cabling,  and  home  run  eost;  and  3)  under-grounded  eable  plant  design.  Capital  and 
operating  eosts  for  the  projeet  are  summarized  below. 

TABLE  1:  SUMMARY  OF  CAPITAL  AND  MAINTENANCE  COSTS^ 


Item  Description 

Cost 

Design  and  Permitting 

Included 

Solar  Panels 

Included 

Inverters 

Included 

Racking 

Included 

BoS 

Included 

Total  Capital  Cost  (Includes  additional  $168K 
for  Davis/Bacon  labor  rates  &  archeological 
oversight  fees) 

$3,430,000 

Annual  Operations  and  Maintenance  (year  1) 

$28,000 

^  Statement  of  Deputy  Under  Secretary  of  Defense  for  Installations  and  Environment  Dr.  Dorothy  Robyn  Before  the  Senate  Homeland  Security  and 
Governmental  Affairs  Committee  Subcommittee  on  Federal  Financial  Management,  Government  Information,  Federal  Services  and  International 
Security  January  27,  2010. 

^  A  complete  breakdown  of  Total  Capital  Cost  including  design  and  permitting,  inverters,  racking,  and  other  BoS  components  was  not  made 
available  by  Belectric.  Total  capital  and  maintenance  cost  is  based  on  contract  pricing,  and  this  contract  pricing  is  used  for  all  calculations  where 
cost  is  a  required  input. 


ESTCP  Final  Report 


February  2014 


This  project  demonstrated  that  several  key  objectives  could  be  met  with  respect  to  distributed 
generation,  including  achieving  a  LCOE  of  $0.1 15/kWh  at  an  installed  cost  of  $3.44/W.^  This 
project  thereby  demonstrated  a  means  for  the  DoD  to  stabilize  increasing  utility  costs  at 
installations  nationwide  with  solar  electricity. 

Due  to  adverse  market  conditions,  Nanosolar  ceased  their  manufacturing  operations  in  October 
2013.  Unfortunately,  similar  to  other  American  solar  panel  manufacturers.  Nanosolar  was  unable 
to  avoid  effects  from  the  rapid  and  persistent  decline  in  solar  prices  caused  by  certain  countries 
flooding  the  American  market  with  large  quantities  of  low  cost  solar  panels.  However,  the  price 
decline  of  solar  components  used  in  the  design  and  construction  of  solar  plants  means  solar  energy 
production  can  achieve  grid-parity  in  many  markets.  This  is  particularly  true  in  markets  with  high 
solar  irradiance  and  daytime  peak- time  rate  structures. 

The  DoE,  DoD,  and  other  stakeholders  should  consider  the  strategic  national  and  economic 
security  implications  of  the  loss  of  American-based  solar  renewable  energy  technology  leadership 
and  the  loss  of  American  solar  manufacturing  capability. 

Performance  Results: 

The  goal  of  this  project  was  to  demonstrate  the  economic  viability  of  distributed  solar  generation 
for  the  US  Military.  Table  3  (page  16)  summarizes  the  performance  of  the  project  versus  the 
defined  success  criteria  and  as  detailed  in  the  table,  most  of  the  objectives  were  met  in  the 
demonstration. 

NOTABLE  QUOTES 

“Nanosolar’s  IMW  system  at  Camp  Roberts,  CA  is  a  great  example  of  how  the  Department 
of  Defense  is  using  its  military  installations  as  Test  Beds  for  new  energy  and  energy 
efficiency  technologies.  The  excellent  performance  during  the  first  several  months  of 
electricity  generation  from  Nanosolar’s  PV  panels  provides  very  promising  initial  results 
that  the  DoD  Test  Bed  Program  will  continue  to  monitor  and  evaluate.  Nanosolar’s 
demonstration  of  its  product  at  Camp  Roberts  is  enabling  DoD  to  gain  valuable  insights  on 
the  challenges  and  opportunities  of  hosting  distributed  generation  on  its  facilities,” 

Program  Manager,  Energy  &  Water  -  ESTCP 
Dr.  James  Galvin 

“When  the  troop  load  is  down,  the  meter  will  spin  backwards.  You  can  literally  see  the 
electricity  go  back  into  [Pacific  Gas  &  Electric’s]  grid  to  be  used  by  somebody  else,” 

Project  Manager 

Col.  Walter  Goodwater  (retired) 

“We  think  it  has  real  promise  for  grid  parity  prices,  and  we  are  testing  that  at  Camp 
Roberts  in  California,” 


DOD  Deputy  Under  Secretary  of  Defense  for 
Installations  and  Environment 
Dr.  Dorothy  Robyn 
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1,0  INTRODUCTION 


This  final  report  is  part  of  the  Energy  Seeurity  Teehnology  Certifieation  Program  (ESTCP)  by  the 
Department  of  Defense  (DoD).  As  part  of  ESTCP,  Nanosolar  implemented  its  eommereially- 
available  thin  film  solar  teehnology  to  eonstruet  a  IMW  DC  free  field,  ground-mounted  solar 
demonstration  projeet  sited  at  Camp  Roberts  of  the  California  National  Guard. 

The  Nanosolar  demonstration  solar  power  plant  illustrated  that  DoD  military  installations 
throughout  the  U.S.  ean  benefit  from  eompetitive  eleetrieity  eosts  through  on-site,  distributed 
solar  generation.  This  demonstration  showeased  that  U.S. -developed  and  manufaetured  solar 
teehnology  and  produets — and  U.S. -generated  solar  power — ean  provide  energy  security  and 
independence  to  the  U.S.  military.  Similar  projects  ranging  from  1  to  20MW  could  enable 
distributed  power  to  be  produced  within  existing  distribution  lines,  which  avoids  expensive 
transmission  step-ups  and  tie-ins.  This  range  of  power  plant  outputs  could  be  readily  constructed 
at  DoD  installations  nationwide. 

The  construction  phase  of  this  project  was  completed  in  May  of  2012,  with  the  connection  of  the 
solar  power  plant  to  the  PG&E  grid.  Testing  and  monitoring  of  the  system  per  project  goals  is 
complete,  and  these  activities  ran  for  12  months  duration  after  plant  connection  to  the  grid  and  a 
short  conditioning  period  during  which  the  solar  panels  ramp  to  full  energy  generation  capacity. 


I,I  BACKGROUND 


According  to  the  U.S.  Energy  Information  Administration’s  2011  Annual  Energy  Outlook,  fossil 
fuels  make  up  over  85%  of  the  US’s  current  fuel  use  for  energy  generation.  Despite  optimistic 
growth  for  the  use  of  renewable  energy  fuels,  the  EIA  still  forecasts  over  78%  fossil  fuel  use  for 
energy  generation  by  2035. 

Of  the  estimated  250  GW  of  additional  energy  capacity  that  DOE,  EIA  forecasts  to  come  online 
between  2008  and  2035,the  EIA  attributes  46%  to  natural  gas  plants  and  12%  to  new  coal  plants. 
Only  37%  of  forecast  energy  production  is  attributed  to  newly  built  renewable  energy  plants. 
Dorothy  Robyn,  the  Deputy  Undersecretary  of  Defense  for  Installations  and  Environment, 
recently  testified  to  the  US  Senate  that  the  military’s  heavy  reliance  on  fossil  fuels  creates 
significant  risks  and  costs  at  a  tactical  and  strategic  level. 

The  DoD’s  use  of  renewable  solar  energy  to-date  has  been  tied  to  Enhanced  Use  Eease 
Agreements  and  Eederal  and  State  solar  incentives,  in  the  form  of  tax  credits  and  artificially  high 
prices  for  the  renewable  energy  credits  generated.  These  incentives  mask  the  reality  that  the 
approximately  ten  solar  PV  projects  implemented  to-date  nationwide  on  DoD  installations  are  not 
cost  effective  without  incentive  support,  having  cost  over  $6/watt  fully-installed  on  a  national 
average,  or  over  $0.300/kWh  at  a  levelized  cost  of  energy  (ECOE).^ 

As  part  of  ESTCP,  Nanosolar  built  a  IMW  free  field,  ground-mounted  solar  demonstration  project 
for  Camp  Roberts,  California,  where  solar  irradiance  is  above-average  as  compared  to  many  other 
U.S.  geographies. 


^  See  Note  1 . 

Science  Daily  and  Think  Progress. 


ESTCP  Final  Report 


10 


February  2014 


1.2  OBJECTIVE  OF  THE  DEMONSTRATION 


The  mission  of  the  ESTCP  demonstration  is  to: 

•  Demonstrate  that  solar  power  can  cost-effectively  provide  the  energy  security,  reliability 
and  independence  required  for  U.S.  military  installations  while  concurrently  meeting  our 
Federal  renewable  energy  goals  of  25%  renewable  by  2025  (EPAct  and  Executive  Order 
13423). 

•  Demonstrate  that  Nanosolar,  a  San  Jose,  CA  based  manufacturer  of  solar  cells  and  panels, 
could  build  such  a  solar  power  plant  with  low-cost  solar  cells  manufactured  in  the  U.S. 

•  Design  and  build  a  Nanosolar  power  plant  for  $3.20/watt  DC  fully-installed,  or  less  than 

1 1  cents/kWh  (LCOE),  thereby  demonstrating  a  means  for  the  DoD  to  stabilize  increasing 
utility  costs  at  installations  nationwide  with  solar  electricity. 

•  Create  a  set  of  standard  solar  power  plant  designs  to  enable  the  DoD  to  install  solar  power 
at  installations  nationwide  at  or  near  grid  parity  as  measured  by  LCOE  electricity  costs. 


1.3  REGULATORY  DRIVERS 


The  U.S.  DoD  spends  over  $4  billion  annually  on  electricity  use,  and  when  combined  with  over 
$12  billion  of  Operational  Energy  costs,  the  DoD  accounts  for  over  75%  of  the  Federal 
Government’s  total  energy  usage.  The  DoD’s  January  29,  2010  announcement  that  it  will  reduce 
greenhouse  gas  emissions  from  non-combat  activities  34%  by  2020  recognizes  that  the  DoD  can 
have  a  leading  impact  on  reducing  our  country’s  carbon  emissions: 
http://www.defense. gov/releases/release. aspx?releaseid=13276 

Two  drivers  for  this  announcement  were  the  DOD’s  Strategic  Sustainability  Performance  Plan  and 
Executive  Order  13514.  The  Strategic  Sustainability  Performance  Plan  states  that  the  DoD  will 
promote  sustainability  and  reduce  their  reliance  on  fossil  fuels.  Executive  Order  13514  states  that 
the  military  and  government  will  lead  by  example  in  reducing  their  greenhouse  gas  emissions. 
Executive  Order  13514  adds  to  Executive  Order  13423,  which  states  that  the  military  is  to 
contribute  to  achieving  the  federal  renewable  energy  goals  of  25%  renewable. 
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2.0  TECHNOLOGY  DESCRIPTION 


Conventional  solar  cell  manufacturing  processes  often  utilize  very  expensive  vacuum  deposition 
and  sputtering  equipment  in  clean  room  environments,  thus  driving  up  costs  for  traditional  panels. 
However,  Nanosolar  utilizes  highly  innovative  nanotechnology  to  enable  high-volume  production 
of  low-cost  solar  panels.  Nanosolar  “prints”  a  layer  comprised  of  a  nanoscaled  structured 
suspension  of  copper,  indium,  gallium  and  selenium  onto  aluminum  metal  foil  with  a  slot-die 
coater.  The  printed  material  is  dried  in  an  oven  before  subsequent  processing. 

After  properly  dried,  the  printed  rolls  are  then  transformed  into  an  opto-electronically  mature 
crystalline  semiconductor  through  several  roll-to-roll  rapid  thermal  processes.  Individual  solar 
cells  are  then  spliced,  measured,  interconnected  and  assembled  into  solar  modules.  The  production 
process  is  highly  automated  in  a  non-clean  room  production  setting  using  relatively  standard 
equipment  and  processes  with  few  modifications,  which  substantially  lowers  the  cost  of 
manufacturing  panels. 


2.1  TECHNOLOGY  OVERVIEW^ 


Streamlined  Solar  Cell  Architecture 

Nanosolar’s  proprietary  cell  innovations  have  focused  on  developing  and  demonstrating  improved 
processing  for  solar  photovoltaic  technology,  in  particular  through  the  use  of  scalable  process 
technology  with  higher  intrinsic  deposition  throughput,  yield,  and  uniformity.  More  specifically. 
Nanosolar  developed  its  cost-efficient  panel  technology  based  on  design,  development  and  use  of 
five  bodies  of  technological  innovation; 

(1)  A  highly  conductive,  low-cost  aluminum  foil  as  the  substrate  and  bottom  electrode  of 
the  cell; 

(2)  CIGS  “ink”  with  loaded-in  stoichiometric  ratio  and  a  high-yield  high-throughput 
printing  process  to  form  an  electronic  grade  CIGS  semiconductor; 

(3)  A  novel  Metal-Wrap-Through  (MWT)  back-contact  design  based  on  high  throughput 
foil  lamination; 

(4)  A  thin/printed  transparent  top  electrode;  and 

(5)  Redesign  and  development  of  materials  deposition  processes  that  work  with  and 
leverage  the  superior  steady-state  uniformity  and  other  characteristics  inherent  in  roll-to- 
roll  processing. 

These  five  bodies  of  innovation  address  each  component  of  a  solar  cell’s  cost  and  capital 
efficiency,  delivering  the  definitive  improvement  necessary  to  obtain  an  ultra-low-cost  product. 
Innovation  (1)  delivers  low  materials  cost,  a  low-cost  substrate,  and  a  low-cost  bottom  electrode 
(which  otherwise  would  have  to  be  created  through  an  expensive  thin  film).  Innovations  (2)  and 
(5)  deliver  a  low-cost  absorber/semiconductor  with  high  material  utilization  and  capital  efficiency. 
Innovations  (3)  and  (4)  enables  a  low-cost  top  electrode  and  simple,  fast,  robust  cell  interconnects. 
The  combination  of  a  highly  conductive  substrate  (aluminum)  with  Nanosolar’s  MWT  cell 
architecture  resulted  in  cells  capable  of  generating  and  carrying  currents  of  6-25  Amps,  or  300- 
1,000%  more  than  is  cost  efficient  with  other  state-of-the-art  thin-film  solar  cells  today.  Panels 


^  As  a  result  of  Nanosolar’s  decision  to  cease  operations  by  October,  2013,  the  IP  associated  with  this  and  all  Nanosolar  technology  is  currently 
available  for  bid.  Contact  AERIS  Capital,  http://www.aeris-capital.com.  for  more  information. 
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built  with  such  high-current  cells  result  in  signifieantly  lower  balanee-of-system  eosts  when 
deploying  large-seale  systems. 

In  late  2012  and  2013,  Nanosolar  further  redueed  the  eost  of  its  product  primarily  by  reducing  the 
eost  of  Innovation  (3).  This  eost  reduetion  was  not  ineluded  in  the  demonstration  project  and  so 
does  not  factor  into  System  Eeonomies  (LCOE)  ealeulations. 


Design  of  the  Nanosolar  Utility  Panel 


Designed  to  reduee  total-system  eost,  the  Nanosolar  Utility  Panel  is  eleetrieally  and  meehanieally 
optimized  for  utility-scale  solar  power  systems.  The  Nanosolar  Utility  Panel  is  specifieally 
designed  and  developed  for  utility-seale  systems  where  the  size  of  deployment  ranges  from  1- 
50MW  in  size.  The  seale  of  these  types  of  deployments  both  afford  and  require  a  level  of 
industrial  streamlining  and  optimization  that  is  different  from  smaller-seale  systems. 

Eleetrieally,  the  produet  is  the  industry’s  highest-eurrent  thin-film  panel  by  as  mueh  as  a  faetor  of 
six  (at  over  6A).  It  is  also  the  industry’s  first  photovoltaie  panel  eertified  by  TUV  for  a  system 
voltage  of  1,500V,  or  50%  higher  than  the  previously  highest  eertified  1,000V.  Combined,  this 
enables  longer  panel  arrays,  resulting  in  a  host  of  eost  savings  during  installation.  In  addition,  the 
panel  is  the  industry’s  first  solar  panel  with  an  edge  eonneetor,  the  Nanosolar  Edge  Conneetor, 
simplifying  cabling,  minimizing  resistive  losses,  and  enabling  higher  system  voltage  in  solar 
power  plants. 

Meehanieally,  the  dual-tempered  glass-on-glass  package  used  for  the  panel  is  distinetly  stronger 
than  eonventional  thin-film-on-glass  panels,  delivering  almost  twiee  the  mounting  span  and 
eorrespondingly  lowers  mounting  materials  requirements,  while  not  adding  additional  weight. 
Additionally,  this  paekage  design  has  the  advantage  of  not  requiring  metal  framing  eomponents 
which  add  complexity  and  eost  as  eompared  to  glass. 


Mechanically  Strong  Package  for  Wide-Span  Mounting 


Whereas  traditional  thin-film-on-glass  panel  manufacturers  deposit  the  solar-cell  staek  of  thin 
films  directly  onto  a  glass  pane  enelosure  to  prevent  moisture  ingress  Nanosolar  uses  a  sorted  cell 
assembly  eoupled  with  dual  tempered  glass  pane  enelosures.  Nanosolar  produces  individual  foil 
eells,  sorts  them  into  eleotrieally  matehed  eircuits,  and  assembles  that  eireuit  into  a  panel. 

The  Nanosolar  Utility  Panel  uses  tempered  glass  on  both  front  and  baek  of  its  glass/glass  paekage. 
The  use  of  two  tempered  glass  panes  is  not  possible  for  produeers  of  thin-fdm-on-glass  panels 
because  the  high-temperature  cell  production  process  will  de-temper  the  glass  substrate. 

The  use  of  dually  tempered  glass  panes,  with  Nanosolar’s  foil  eells  in  between,  ereates  a  package 
of  superior  meehanieal  strength.  Tempered  glass  has  strength  of  120MPa,  or  three  times  stronger 
than  regular  glass.  The  resulting  system  benefit  is  that  it  enables  wide-span  mounting.  Wide-span 
mounting  reduees  the  eost  of  mounting  steel  and  assoeiated  materials  substantially.  By  utilizing 
sorted-cell  assembly.  Nanosolar  gains  a  panel  assembly  yield  advantage  and  flexibility  in  terms  of 
panel  size,  form  factor,  and  package  style. 


High-Current,  High-Systcm-Voltagc  Design  for  Utility-Scale  Panel  Arrays 
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Series-interconnected  Nanosolar  cells  have  the  unique  capability  to  generate  and  carry  much 
higher  currents  without  any  significant  resistive  losses.  High  current  cells  are  desirable  for  utility- 
scale  system  implementations  because  they  simplify  DC  cabling  and  save  balance-of-system  cost. 
They  allow  larger  numbers  of  panels  to  be  interconnected  in  series  without  the  expense  of 
additional  cabling  home  runs  to  the  inverter.  If  the  panel’s  current  is  low  (as  is  the  case  with  many 
thin-film-on-glass  products),  then  for  the  same  amount  of  installed  power,  the  system  voltage  is 
reached  more  quickly  through  a  relatively  small  number  of  interconnected  panels,  and  a  higher 
effort  in  cable  splicing  or  home  runs  is  required. 

The  electrical  characteristics  of  a  panel  combine  with  its  mechanical  length  to  determine  the  panel 
array  length  or  the  maximum  length  of  a  row  of  panels  in  a  large-scale  system  possible  without 
running  additional  cables  back  to  the  inverter.  The  panel  array  length  is  calculated  by  dividing  the 
panels’  system  voltage  by  its  open-circuit  voltage  (at  low  temperature)  and  then  multiplying  by 
the  panel  length  in  mounting  orientation. 

The  Nanosolar  Utility  Panel  supports  a  panel  array  length  of  64m,  which  is  more  than  five  times 
longer  than  leading  thin-film  panels  presently  installed  in  large-scale  fields.  The  difference  is  large 
in  utility  scale  systems  where  distances  are  great;  large  amounts  of  expensive  DC  cabling  can  be 
required,  and  longer  panel  array  length  reduces  cabling  requirements  by  as  much  as  73%. 


Nanosolar  Edge  Connector  for  Fast,  Minimal-Resistive-Loss  Interconnection 


Nanosolar  has  developed  a  new  form  of  cabling  connection  for  the  Nanosolar  Utility  Panel.  A 
component  separately  tested  and  certified  by  TUV  according  to  applicable  connector  standards 
for  power  connections,  the  Nanosolar  Edge  Connector,  is  designed  to  reduce  cabling  labor,  save 
material  cost,  and  minimize  resistive  losses  for  the  kinds  of  installations  used  in  utility-scale 
system  deployments. 


2,2  ADVANTAGES  AND  LIMITATIONS  OF  THE  TECHNOLOGY 


Advantages 

Nanosolar’s  innovative  printing  technology  allows  for  cheaper  production  of  PV  panels  and  lower 
BoS  cost.  Nanosolar  panels  also  have  shorter  construction  and  installation  times  than  other  thin 
film  companies,  particularly  on  sites  where  power-assist  equipment  can  be  utilized.  This  is 
because  Nanosolar  manufactures  larger  panels  that  require  fewer  mounting  fixtures  than  their 
competitors. 

Limitations 

The  primary  risk  for  this  demonstration  project  was  the  potential  for  a  significant  environmental 
impact.  Clearing  of  land  is  necessary  to  install  these  power  facilities.  The  clearing  of  trees  in  the 
area,  while  necessary  for  proper  installation  and  operation,  can  have  adverse  effects  on  the 
surrounding  flora  and  fauna.  As  installed,  this  was  not  an  impact  for  the  project. 

Another  risk  for  this  demonstration  project  was  the  potential  for  a  significant  increase  in  the 
commodity  price  of  raw  materials,  which  could  have  impacted  Nanosolar’s  ability  to  deliver  the 
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proposed  solar  power  plant  at  the  target  cost.  As  installed,  this  was  not  an  impact  for  the  project 
because  Nanosolar’s  Supply  Chain  organization  had  necessary  capability  to  control  costs  during 
the  project. 

In  addition,  the  Nanosolar  Utility  Panel  has  a  limited  field  operating  record,  limiting  Nanosolar’s 
ability  to  precisely  forecast  the  plant’s  projected  performance  over  its  25-year  lifetime.  Nanosolar 
mitigates  this  risk  by  conducting  extensive,  on-going  reliability  and  outdoor  testing  well  beyond 
lEC  compliance  limits. 


3.0  PERFORMANCE  OBJECTIVES 


This  project  was  designed  to  provide  a  solution  for  the  Department  of  Defense’s  renewable  energy 
needs.  The  objective  was  to  demonstrate  that  solar  power  can  cost-effectively  provide  energy 
security,  reliability,  and  independence  required  for  U.S.  military  installations  while  concurrently 
meeting  Federal  renewable  energy  goals  of  25%  renewable  by  2025.  Nanosolar  designed  and  built 
a  power  plant  for  $3.44/watt  DC  fully-installed,  and  $0.1 15/kWh’  (LCOE  in  real  dollar  amount), 
thereby  demonstrating  a  means  for  the  DoD  to  stabilize  increasing  utility  costs  at  installations 
nationwide  with  solar  electricity. 

$0.1 1/kWh  was  chosen  as  the  ECOE  Performance  Objective  Metric  since,  at  the  time  of  the 
demonstration.  Camp  Roberts  was  covered  by  the  E20P/NEMEXPM  rate  schedule  which  includes 
the  following  energy  charges  resulting  in  an  current  average  cost  of  electricity  of  approximately 
$0.1 1/kWh.  Table  3  provides  a  breakdown  of  energy  rates  by  time  of  day  and  season. 

Table  2:  Electricity  Rates  for  Camp  Roberts 


Total  Electric  Rates  f$  per  kWh] 

Peak  Summer 

$0.13186 

Part-Peak  Summer 

$0.09357 

Off-Peak  Summer 

$0.07117 

Part-Peak  Winter 

$0.08924 

Off-Peak  Winter 

$0.07465 

’  See  Note  4. 
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3.1  PERFORMANCE  OBJECTIVES 


TABLE  3:  SUMMARY  OF  PERFORMANCE  RESULTS 


Performance 

Objective 

Metric 

Data 

Requirements 

Success  Criteria 

Results 

Quantitative  Performance  Objectives 

System 

Economics 

(LCOE). 

$0.1 10/kWh  real 
dollar  LCOE. 

$3.20/W  solar 
power  plant  cost. 

Energy 
generated  & 
performance 
degradation. 

Cost  of  solar 
plant  design, 
construction  and 
installation. 

Energy  produced 
is  equal  to  or 
greater  than 
simulated 
results. 

Cost  of  project 
at  or  under 
budget. 

$0.115/kWh  real 
dollar  LCOE. ^ 

$3.44/W  solar 
power  plant 
cost.^ 

Greenhouse  Gas 

Emissions 

Reduction. 

309kg  C02/kWh 
savings  (base¬ 
load  output).'*^ 

Energy  produced 
by  solar  panels. 

C02  emissions 
of  alternative 
electricity 
generation 
methods. 

Calculated 
savings  is  equal 
to  or  greater  than 
expected  results. 

Calculated 
amount  of  C02 
saved  is 
783,420kg." 

Reliability. 

99.0%  uptime. 

The  amount  of 
time  the  system 
is  operating  per 
design. 

Uptime  equals 
estimates. 

Uptime  98.4% 
per  data  from 
Meteocontrol. 

Photovoltaic 

Peak  Capacity 
(Installed). 

MW  DC. 

Installed  capacity 
of  panels. 

Capacity  of  1 

MW  DC. 

Capacity  = 

998.4  kWp  DC. 

Photovoltaic 

Peak  Capacity 
(Power 

Delivered). 

PVSyst  estimate, 
1,638  MWh  AC 
(Weather 
Adjusted). 

Power  delivered 
to  Camp  Roberts 
over  the  entire 
year. 

Matches 
estimates  with 
less  than  or 
equal  to  3% 
degradation  of 
power  peak 
delivered. 

Actual  = 

1650  MWh  AC. 

Renewable 

Energy 

Produced. 

PVSyst  estimate, 
1,638  MWh  AC 
(Weather 

Energy  produced 
over  an  entire 
year. 

Matches  or 
exceeds 
estimates  from 

Actual  = 

1650  MWh  AC. 

^  See  Appendix  I  for  LCOE  Calculation  details.  See  Note  3  for  additional  details. 

^  See  Note  3. 

Savings  via  avoidance  of  the  use  of  energy  generated  by  California  utilities,  the  majority  of  which  is  natural  gas.  Nanosolar  panel  lifecycle 
emissions  are  approximately  14g  C02/kWh. 

See  Note  7. 
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Performance 

Objective 

Metric 

Data 

Requirements 

Success  Criteria 

Results 

Adjusted). 

PVSyst. 

Site 

Maintenance. 

Months,  number 
of  panels 
replaced. 

Cleaning  and 

maintenance 

schedule. 

Site  maintained 
to  specifications 
provided. 

Complete. 
Replaced  9 
panels  due  to 
infant  mortality. 

Installed  Cost. 

$/W  DC. 

Dollar  costs, 
photovoltaic 
capacity. 

Eess  than 
$3.20/WDC. 

$3.44/WDC.'^ 

Qualitative  Performance  Objectives 

User 

Satisfaction. 

Degree  of 
Satisfaction. 

Stakeholder 
Interviews  & 
survey. 

Good  results 
reported  from 
demonstration 
project. 

High  degree  of 
satisfaction 
reported  from 
stakeholder 
interviews. 

3.2  PERFORMANCE  OBJECTIVES  DESCRIPTIONS 


System  Economics 

The  main  goal  of  this  project  was  to  achieve  a  real  Levelized  Cost  of  Energy  (LCOE)  that  is  at  or 
below  grid  parity  as  measured  by  the  average  utility  pricing  paid  by  the  Camp  hosting  the  project 
site.  ECOE  is  an  economic  assessment  of  the  true  cost  of  solar  electricity  calculated  by  dividing  a 
solar  plant’s  total  costs  over  its  lifetime  by  the  kWh  generated  over  its  lifetime.  Costs  include  the 
initial  cost  of  components  (solar  panels,  mounting,  cabling,  inverters,  and  other  Balance  of 
Systems  (BoS)  equipment),  installation,  operations  and  maintenance  costs,  and  any  cost  of  capital. 

Green  House  Gas  Emissions 

In  addition  to  substantial  cost  savings— over  43%  versus  past  solar  PV  projects  implemented  to 
date  nationwide  on  DoD  installations^^— Nanosolar  technology  helps  the  DoD  meet  its 
commitment  to  reduce  carbon  emissions.  A  complete  lifecycle  analysis  shows  Nanosolar  panels 
generate  14  grams  of  CO2  per  kWh  of  solar  electricity  generated.  This  compares  to  13  grams  for 
renewable  wind  power,  39  grams  for  conventional  crystalline  silicon  solar  technology,  55  grams 
for  nuclear  power,  400  grams  for  a  combined-cycle  natural  gas  plant  and  1000  grams  for  coal- 
fired  electricity.  Nanosolar’s  lifecycle  analysis  includes: 

•  Extraction  and  processing  of  raw  materials 

•  Production  into  solar  cells  and  panels 

•  Assembly  and  installation  into  solar  power  plants 


See  Note  2. 

43%  computed  using  $3.44  calculated  per  watt  cost  vs.  assumed  $6/W  for  past  DoD  projects. 

Reference:  CCLA  Columbia  University. 
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•  Operations  and  maintenance  over  25  years 

•  End-of-life  solar  plant  recycling 

California  uses  about  265,000  GWh  of  electricity  per  year  andconsumption  is  growing  at  a  rate  of 
2%  annually.  In  the  last  decade,  between  29%  and  42%  of  California’s  in-state  generation  used 
natural  gas.  Another  10%  to  20%  was  provided  by  hydroelectric  power  that  is  subject  to 
significant  annual  variations.  If  we  avoid  consuming  electricity  from  California’s  utility,  then  we 
can  expect  to  save  about  309  g/kWh  specifically  in  California  where  a  majority  of  the  power 
generated  is  from  natural  gas  plants'^. 

For  the  Camp  Roberts  demonstration  project,  it  is  important  to  differentiate  base-load  vs.  non¬ 
base-load  emissions.  PV  power  plants  typically  produce  maximum  output  when  user  demands  are 
highest  (afternoons).  This  corresponds  to  the  times  when  utilities  must  generate  additional  power, 
which  is  often  done  with  natural  gas  peaker  plants.  Consequently,  emissions  saved  calculated 
using  non-base-load  emissions  factors  are  most  relevant  to  the  project. 

Reliability 

The  reliability  of  the  system  is  defined  as  the  amount  of  time  the  system  performs  as  designed. 
This  includes  uptime  of  all  components  of  the  plant  including  the  solar  panels,  inverters,  and  all 
BoS  Components. 

Photovoltaic  Peak  Capacity  (Installed) 

The  nameplate  capacity  of  the  Camp  Roberts  demonstration  plant  is  998.4  kWp  DC  comprised  of 
4,992  panels  at  200  Watts  each. 

Photovoltaic  Annual  Output  (Power  Delivered) 

The  power  delivered  to  Camp  Roberts  should  match  or  exceed  results  simulated  using  the 
University  of  Geneva  energy  simulation  software,  PVSyst.  PVSyst  calculations  state  that  1638 
MWh  should  be  produced  and  delivered  in  one  year.  The  simulation  includes  calculation  factors 
to  account  for  panel  soiling,  AC  and  DC  wiring  losses,  sun  irradiance  variation,  plant  uptime,  and 
other  influences  on  energy  output. 

Renewable  Energy  Produced 

The  energy  produced  indicated  the  amount  of  annual  energy,  in  MWh,  that  the  system  provided  to 
Camp  Roberts  during  the  12  month  operational  testing  phase.  Data  was  collected  from  the  online 
performance  monitoring  equipment  and  compared  to  the  computer  model  produced  by  PVSyst. 
The  PVSyst  estimates,  which  use  average  weather  conditions  for  calculations,  show  that  the 
system  should  produce  1638  MWh/year. 

Site  Maintenance 

The  site  was  maintained  so  that  the  power  delivered  to  camp  Roberts  was  not  obstructed  from 
soiling  losses  beyond  what  is  accounted  for  in  estimates.  The  PVSyst  estimates  2%  soiling  losses 
in  the  system. 

Site  maintenance  included  the  following: 


Reference:  eGRID. 
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•  A  schedule  for  eleaning  the  panels,  whieh  would  inelude  washing  onee  a  year 

•  Maintaining  the  grass  so  that  no  shading  of  the  panels  oeeurs,  ineluding  mowing  three  to 
four  times  a  year,  as  well  as  performing  weeding  and  applying  herbieide 

•  Inspeeting  eomponents  of  the  system  and  proaetively  trouble  shooting  &  fixing  in  advanee 
other  issues  that  may  affeet  performanee 

Installed  Cost 

Installed  eosts  for  this  demonstration  plant  are  estimated  to  be  at  $3.20/W  DC,  or  a  total  of  $3.2 
million  for  the  entire  system. 

User  Satisfaction 

Customer  satisfaetion  assessment  is  an  important  eomponent  of  any  teehnology  demonstration 
projeet.  For  the  Camp  Roberts  projeet,  stakeholder  interviews  and  an  Exeel-based  survey  will  be 
eompleted  after  1  year  of  projeet  operation.  Stakeholders  will  inelude,  but  are  not  limited  to. 
Camp  Roberts’  staff,  maintenanee  eontraetors,  eonstruetion  erew,  and  seeurity  personnel.  Sinee 
the  projeet  was  implemented,  the  aetual  number  of  interviews  sent  out  was  five  (5)  due  to  ehanges 
in  personnel. 

For  the  Exeel-based  survey,  26  questions  have  been  designed  so  that  eustomer  satisfaetion  with 
eaeh  phase  of  the  projeet  ean  be  assessed.  Phases  to  be  assessed  inelude: 

•  Design  and  Development  Phase 

•  Projeet  Construetion  Phase 

•  Operations  and  Maintenanee  Phase 

•  Other  (This  portion  of  the  eustomer  satisfaetion  survey  is  intended  to  eapture  eomments, 
suggestions,  or  improvements  regarding  what  should  be  done  for  future  projeets  that  do 
not  fall  easily  under  the  previous  eategories) 

Additionally,  stakeholders  will  be  asked  to  provide  their  evaluation  of  overall  system 
performanee. 

To  ensure  eustomer  satisfaetion  input  is  unbiased,  respondents  to  the  Exeel  -  based  survey  are 
asked  to  evaluate  a  series  of  statements  using  the  following  eriteria: 

•  Highly  Disagree 

•  Somewhat  Disagree 

•  Neither  Agree  nor  Disagree 

•  Somewhat  Agree 

•  Highly  Agree 

•  Not  Applieable  or  No  Opinion 

Comments  are  requested  of  all  respondents,  and  are  partieularly  useful  in  areas  where  the 
demonstration  projeet  did  not  meet  expeetations. 
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4.0  FACILITY/SITE  DESCRIPTION 


Camp  Roberts  is  run  by  the  California  National  Guard  and  is  located  directly  off  of  Highway  101 
in  Monterey  and  San  Luis  Obispo  Counties.  Camp  Roberts  address  is  as  follows: 

Hwy  101,  Bldg  108 

Camp  Roberts,  CA.  93451-5000 


4.1  FACILITY/SITE  LOCATION  AND  OPERATIONS 

Camp  Roberts  hosts  training  for  both  the  National  Guard  and  Army  Reserve.  The  Deployment 
Site  does  not  interfere  with  Camp  Roberts’  training  facilities,  as  the  site  is  outside  of  the  main 
base  to  the  east  of  Highway  101.  As  a  result,  personnel  working  on  the  project  will  not  need 
military  clearance  to  reach  the  site. 

The  Deployment  Site  at  Camp  Roberts,  CA,  has  fourteen  flat  and  minimally-shadowed  acres 
available  in  an  area  that  has  already  incurred  substantial  environmental  change  over  the  past  70 
years.  Minimal  additional  environmental  impact  was  generated  based  on  the  final  site  design,  and 
this  carried  through  to  construction,  commissioning,  and  maintenance  during  the  first  year  of  plant 
operations.  Five  acres  were  required  for  the  IMW  plant.  Transmission  lines  run  through  the  site 
facilitatinginterconnection. 


Figure  1:  Satellite  vicinity  map  of  project  area 


4.2  FACILITY/SITE  CONDITIONS 
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Several  site  regulations  and  permits  were  needed  while  project  personnel  were  on  the 
demonstration  site.  They  were  as  follows: 


Section  106  Compliance 

In  accordance  with  Section  106  of  the  National  Historic  Preservation  Act  (NHPA),  the 
management  of  cultural  resources  for  the  Nanosolar  project  at  Camp  Roberts  involved: 

•  Identifying  the  Area  of  Potential  Effect  (APE); 

•  Reviewing  existing  information  on  historic  properties  within  the  APE; 

•  Obtaining  information  from  consulting  parties  and  other  individuals  and  organizations 
likely  to  have  knowledge  of,  or  concerns  with,  historic  properties  (i.e.  local  indigenous 
peoples,  local  historical  societies,  etc.); 

•  Identifying  historic  properties  through  research  survey,  informant  interviews,  and 
monitoring; 

•  Resolving  adverse  effects  through  data  recovery. 


The  site  was  surveyed  and  no  historical  properties  were  identified.  However,  an  archeological  site 
is  in  the  immediate  vicinity,  and  this  required  that  all  military  and  construction  personnel  on  the 
project  received  a  cultural  resource  brief  prior  to  the  beginning  of  construction.  An  archeologist 
was  also  present  for  all  ground  disturbing  activities. 

Unexploded  Ordnances 

Since  Camp  Roberts  is  a  military  training  ground,  all  personnel  working  in  the  construction  area 
received  a  briefing  from  Camp  Robert’s  staff  regarding  unexploded  ordnance  protocol. 
Unexploded  ordnance  is  explosives  (bombs,  bullets,  shells,  grenades,  land  mines,  naval  mines, 
etc.)  that  did  not  explode  when  they  were  employed  and  still  pose  a  risk  of  detonation.  Risk  of 
finding  unexploded  ordnance  in  the  area  was  extremely  low,  as  the  demonstration  site  was  never  a 
training  ground  or  in  the  immediate  vicinity  of  one.  All  aspects  of  the  project,  including 
construction  were  completed  on  site  without  issue  regarding  unexploded  ordnances. 

PG&E  Interconnect 

Three  permits  and  documentation  were  submitted  to  PG&E  regarding  interconnection  to  the  solar 
farm.  They  are  as  follows: 

1 .  PG&E  Eorm  79-974  "Generating  Eacility  Interconnection  Application" 

2.  PG&E  Eorm  79-978  "Interconnection  Agreement  for  Net  Energy  Metering 
of  Solar  or  Wind  Electric  Generating  Eacilities" 

3.  PG&E  Eorm  79-998  "Expanded  Net  Energy  Metering  (NEM)  Supplemental 
Application" 
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5.0  TEST  DESIGN 


The  demonstration  utilized  a  standard,  cost  efficient,  fixed  tilt,  and  free  field  mounting  design 
implemented  by  Nanosolar  and  Belectric,  one  of  Nanosolar’s  EPC  partners.  The  design  consists  of 
an  aluminum  and  glulam  beam  installed  on  a  free  field  to  mount  the  10%  efficient  Nanosolar 
Utility  Panels.  Also  included  is  an  industry-leading  central  inverter  with  96%+  efficiency. 

The  wood  member  is  pressure  treated  and  has  a  bitumen  paper  covering  for  weather  protection. 
Initially  the  wood  beam  was  used  to  accommodate  terrain  irregularities  as  well  as  provide 
flexibility  during  construction.  Additionally,  it  has  the  benefit  of  enabling  the  plant  owner  to 
modify  panel  tilt  in  a  straight-forward  fashion  if  site  conditions  or  other  factors  require  this. 

Lastly,  the  wood  members  are  cheaper  than  steel  beam  while  offering  the  same  duty  (life)  cycle. 

All  system  components  are  UL  certified  for  installation  and  operation  in  the  U.S.  All  mechanical 
and  electrical  components  have  a  25 -year  life,  except  for  the  electrical  inverter,  which  will  need  to 
be  replaced  after  12  years.  System  components  are  chosen  due  to  their  cost  efficiency  and  high 
performance. 

A  web-based  performance  monitoring  system,  with  appropriate  security,  was  included  in  order  to 
measure  and  analyze  system  performance  at  15 -minute  increments,  as  well  as  to  help  calculate  the 
LCOE.  Additionally,  this  system  enables  stakeholders  to  view  system  performance  conveniently. 


5.1  CONCEPTUAL  TEST  DESIGN 

The  test  monitoring  system  uses  an  online  monitoring  system  to  record  ambient  temperature  and 
wind  speed,  as  well  as  irradiance,  voltage,  and  current  output  from  the  solar  panels.  The  size  of 
the  panel  array,  tilt,  and  orientation  of  the  panels  remained  constant  for  the  duration  of  the  testing 
period.  Testing  also  verified  whether  the  panels  remained  within  the  warrantee  specifications. 

Panel  performance  did  not  show  degradation  beyond  what  is  stated  in  the  design  during  the  full 
year  of  operation.  Data  collected  was  normalized  to  Standard  Test  Conditions  (STC)  to  compare 
the  data  and  perform  cost  and  performance  analysis  on  the  system. 

There  are  three  main  phases  involved  in  the  testing  stage  of  Nanosolar’s  system: 

1)  Preconditioning  of  Panels:  During  the  first  month  of  field  operation  Nanosolar  panels 
typically  do  not  perform  as  well  as  specified  in  warrantee  or  design.  They  must  be 
preconditioned  by  the  sun  before  full  operation  can  begin. 

2)  Monitoring:  This  is  where  the  online  monitoring  system  will  take  data  using  a  wide  array 
of  sensors,  such  as  pyrometers  to  measure  irradiance  and  thermocouples  for  ambient 
temperatures.  All  data  is  sent  to  our  database  for  storage. 

3)  Analysis  of  Data:  Once  monitoring  was  complete  the  data  was  normalized  and  analyzed 
for  cost  and  performance. 

5.2  BASELINE  CHARACTERIZATION 
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The  baseline  eharacterization  for  the  test  is  based  on  industry  standard,  which  is  the  STC  Watt 
peak  sold.  The  Watt  peak  sold  is  based  on  the  Name  Plate  Rating  (STC  Rating)  of  the  panels 
shipped  to  the  Camp  Roberts. 


5.3  DESIGN  AND  LAYOUT  OF  SYSTEM  COMPONENTS 

The  following  figures  are  pictures  of  the  overall  system  installed  at  Camp  Roberts: 


Figure  2:  Site  prior  to  installation 


Figure  3:  Final  Power  Plant  as  Installed 
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Figure  4;  Grid  connect  ceremony  at  Camp  Roberts:  May  2012 


5.4  OPERATIONAL  TESTING 


Operational  Testing  of  Cost  and  Performance 

Activity-Based  Costing  to  Assess  Labor  Cost  Drivers  during  System  Deployment: 

An  activity-based  costing  analysis  was  planned  to  monitor  the  estimated  installation  costs 
associated  with  labor  during  the  installation  of  the  test  deployment.  As  a  result  of  Nanosolar’s 
decision  to  cease  operations  by  October,  2013,  this  analysis  was  not  completed. 

Levelized  Cost  of  Energy: 

The  metric  most  commonly  used  to  compare  energy  projects  is  levelized  cost-of-energy  (LCOE). 
LCOE  is  the  average  price  of  electricity  throughout  the  life  of  a  power  plant.  LCOE  takes  into 
account  every  cost  incurred  with  an  energy-generating  system  over  its  lifetime  including: 

•  Initial  investment 

•  On-going  operation  and  management 

•  Cost  of  fuel 

•  Cost  of  capital 

To  calculate  LCOE,  a  power  project's  expected  lifetime  cost  structure  is  discounted  using  a 
standard  discount  rate  to  yield  the  Present  Value  (PV).  Lifetime  cost  structure  is  the  project  cost 
plus  on-going  operational  and  maintenance  costs  over  the  life  of  the  power  plant,  minus  any 
residual  value  at  the  end  of  the  project.  Project  cost  is  tracked  during  the  construction  phase  of  the 
project,  while  the  operational  costs  are  monitored  for  one  year  and  extrapolated  to  yield  the  25 
year  O&M  costs. 


ESTCP  Final  Report 


24 


February  2014 


Next,  the  eleetrieity  output  over  the  plant’s  lifetime  is  computed,  using  the  first-year  actual  energy 
produced,  and  extrapolating  it  to  yield  the  25  year  energy  produced.  The  extrapolation  uses  a 
degradation  factor  to  ensure  accuracy,  as  solar  panels  produce  slightly  less  energy  each  year  they 
are  in  the  field.  For  the  Camp  Roberts  demonstration  project  using  Nanosolar  technology,  the 
degradation  factor  is  0.8%  per  year. 

Finally,  the  Present  Value  of  the  annualized  costs  is  divided  by  the  project's  energy  output  to 
obtain  the  LCOE.  LCOE  can  be  a  constant,  or  nominal,  dollar  value  which  excludes  inflation,  or  a 
current,  or  real,  dollar  value  which  includes  inflation. 

Eormulaically,  ECOE  can  be  shown  as: 


Cost  Stnictiire  =  Project  Cost  +  Operations  -  Residual  =  Project  Cost  + 
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where: 

•  AO  =  Annual  Operation  and  Maintenance 

•  RV  =  Residual  Value 

•  N  =  Plant  Eife 

•  DR  =  Discount  Rate  (Nominal  or  Real) 

The  Eisher  equation  in  economics  estimates  the  relationship  between  nominal  and  real  interest 
rates  under  inflation,  and  the  following  formula  applies: 

1  +  i 

Real  Discount  Rate  —  r  —  - —  —  1 

1  +  EQ) 


where: 

•  i  =  Nominal  Discount  Rate 

•  E(I)  =  Inflation 

Nanosolar  also  calculates  the  cost  of  the  entire  system  with  respect  to  $/watt,  or  the  total 
installation  expenses  over  the  peak  power  rating  of  the  system,  in  this  case  IMW.  This  calculation 
is  often  used  to  estimate  the  value  of  the  investment  in  the  system  at  the  time  of  purchase.  The 
target  for  this  project  is  to  install  the  1  MW  system  for  $3.20/watt  or  less  for  a  total  cost  of 
approximately  $3,200,000. 

DOE  calculations  generally  make  use  of  real  ECOE  calculations  as  opposed  to  nominal  ECOE. 
This  proposal  is  focused  on  the  measurement  of  real  ECOE.  Nanosolar’s  target  real  ECOE  for  this 
project  is  less  than  or  equal  to  $0.1 1/kWh,  which  is  the  pricing  threshold  equivalent  to  grid-parity 
pricing  as  measured  against  the  average  utility  rate  expenses  at  Camp  Roberts. 


Modeling  and  Simulation 


Solar  Advisor  Model: 
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The  Solar  Advisor  Model  (SAM)  (https://www.nrel.gov/analvsis/sam)  combines  a  detailed 
performance  model  with  several  types  of  financing  for  most  solar  technologies.  In  2004,  the 
National  Renewable  Energy  Laboratory  (NREL),  in  conjunction  with  Sandia  National  Laboratory 
and  in  partnership  with  the  U.S.  Department  of  Energy  (DOE)  Solar  Energy  Technologies 
Program  (SETP),  developed  SAM.  The  model  is  updated  on  a  periodic  basis.  SAM  incorporates 
the  best  available  models  to  provide  optimal  analysis  of  overall  economics,  including  the  levelized 
cost  of  energy,  stemming  from  the  impact  of  changes  to  the  physical  PV  plant. 

PVSyst  Model: 

PVSyst  is  the  PV  production  simulation  tool  of  choice  for  the  major  solar  financing  entities  as  it 
takes  into  account  not  only  the  environmental  data  of  a  given  site  but  also  accounts  for  system 
losses  due  to  design,  O&M  choices,  technology-specific  losses  and  system  degradation.  The  Solar 
Advisor  Model  (SAM)  typically  gives  higher  production  estimates  than  PVSyst.  PVSyst  appears 
to  yield  the  most  conservative  results  of  any  modeling  software. 

Nanosolar  primarily  used  the  PVSyst  model  for  the  Camp  Roberts  demonstration  because  it 
provided  more  accurate  results  for  modeling  performance  of  Nanosolar’s  panels  due  to  its 
complete  set  of  module  parameters.  SAM  does  not  contain  accurate  parameters  for  this 
demonstration  project. 

Model  Inputs  for  Solar  Plant  Performance  Monitoring:  Supervisory  Control  and  Data 
Acquisition: 

A  key  input  into  PVSyst’s  LCOE  calculation  is  the  power  output  of  the  test  deployment.  To 
measure  the  power  output  of  the  test  deployment,  the  solar  plant  implemented  a  supervisory 
control  and  data  acquisition  (SCAD A)  system  that  allowed  Nanosolar  and  Belectric  to  monitor 
and  access  real  life  performance  data.  Instant  weather  and  insolation  information  was  gathered 
along  with  the  photovoltaic  source  circuit  characteristics  to  ensure  optimal  performance  as  well  as 
understand  the  behavior  of  Nanosolar’s  technology  in  real  life  conditions.  The  DC  circuit 
combiner  units  has  both  voltage  and  amperage  sensors  to  reach  the  desirable  granularity  needed 
for  Nanosolar’s  study. 

Timeline 

After  grid  connect  and  conditioning.  Operational  Testing  took  place  over  a  12  month  period,  from 
Aug  2012  to  Jul  2013. 

Technology  and  Transfer 

As  a  result  of  Nanosolar’s  decision  to  cease  operations  by  October  2013,  the  only  design  standard 
published  was  the  “As-Built”  documentation  for  the  IMW  system  dated  October  19,  2012.  The 
3MW  and  5MW  reference  design  plans  were  not  completed. 


5.5  SAMPLING  PROTOCOL 
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For  performance  monitoring,  data  samples  were  taken  every  15  minutes  with  a  five  minute  delay 
in  data  for  the  duration  of  the  12  month  period.  The  data  was  collected  by  the  online  monitoring 
system  (OMS)  with  limited  interaction  from  any  technicians.  Meteocontrol  was  the  program  of 
choice  for  the  OMS.  Meteocontrol  is  ideal  because  it  can  be  located  outside  the  Camp  Roberts 
firewall  system  and  not  to  interfere  with  base  operations. 

As  for  security  of  the  OMS  system,  both  the  weblog  and  portal  were  password  protected  for 
remote  and  local  access.  The  Web’Logs  are  hard  coded  to  transmit  data  only  to  Meteocontrol ’s 
server  IP’s  and  email.  SMS  alert  messages  were  sent  only  to  designated  recipients.  Those 
designations  can  only  be  enabled  by  users  with  password  access  to  the  weblog.  The  monitoring 
devices  along  with  a  Satcon  inverter,  recloser,  revenue  grade  meter,  and  weather  sensors  were 
exclusively  hardwired  into  the  designated  monitoring  ports  of  the  Web’Log. 


5.6  SAMPLING  RESULTS 


Equipment  calibration  and  data  quality  were  addressed  as  issues  presented  themselves  and  were 
not  a  material  factor  during  the  demonstration  project  because  the  project  experienced  minimal 
detrimental  issues. 

An  example  of  the  online  monitoring  output  is  included  below  for  reference.  Typically,  power 
output  charts  are  very  smooth,  and  as  a  consequence,  not  interesting  for  discussion  purposes. 
Unlike  nearly  every  day  during  the  12  month  demonstration,  data  output  on  15 -August,  2012, 
indicated  a  potential  issueAs  shown  in  Figure  5. 


Figure  5;  kWh  Output  of  Camp  Roberts  for  15  Aug  12 


In  figure  5,  indicated  power  fluctuated  from  OW  to  well  over  1,100W  during  a  12  hour  period. 
Since  this  is  extremely  unlikely,  this  data  triggered  analysis  by  maintenance  personnel  and  the 
anomaly  was  addressed  quickly.  Nanosolar  was  pleased  with  the  quality  of  data  and  performance 
of  the  OMS  during  the  demonstration  timeframe. 
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6.0  PERFORMANCE  ASSESSMENT 


Performance  Objectives  Analysis  Overview 

System  Economics:  Verifying  an  LCOE  of  11  cents/kWh  or  less: 

LCOE  Assumptions  and  Data  for  Calculations: 

For  the  Camp  Roberts  demonstration  project,  real-dollar  LCOE  is  the  PV  Plant  System  Economics 
metric,  as  described  in  b),  below.  However,  LCOE  computed  inclusive  of  tax  credits  and/or 
without  inflation  factors  is  informative.  Consequently,  four  different  LCOE  values  are  calculated: 

a)  $/W  assuming  no  tax  credits  and  nominal  interest  rate 

b)  $/W  assuming  no  tax  credits  and  real  interest  rate 

c)  $/W  assuming  a  30%  tax  credit  and  nominal  interest  rate 

d)  $/W  assuming  a  30%  tax  credits  and  real  interest  rate 

LCOE  calculated  using  d),  above,  is  relevant  to  actual  Camp  Roberts  economics  since  the  project 
qualifies  for  a  30%  tax  credit. 

The  following  assumptions  and  data  were  utilized  for  computations: 

•  AO  (Annual  O&M):  $28,000  for  year  1,  increasing  3%  per  annum  for  the  life  of  the  plant 

•  RV  (Residual  Value):  $0.  Plant  assumed  to  have  no  value  at  the  end  of  its  life 

•  N  (Plant  Life)=  25  Years 

•  DR  (Discount  Rate): 

o  i  (Nominal)  3% 

o  r  (Real):  0.98%  (Calculated  via  the  Fischer  equation,  see  section  5.4 

•  E(I)  (Inflation  Rate):  2%  (Per  U.S.  government  stated  target  rate  for  inflation) 

•  Project  Cost  =  $3,430,000 

o  With  30%  Investment  Tax  Credit:  $2,401,000 

•  Year  I  Actual  Power  Produced  =  l,650MWh 

•  Annual  Degradation:  0.8%  per  year  (20%  over  life  of  Plant) 


Project  Cost  Calculations: 

The  original  contract  price  for  the  Camp  Roberts  project  was  $3,247,000  (See  section  7.0,  “Cost 
Assessment”).  However,  several  additional  and  unexpected  expenses  were  encountered  during 
the  project.  During  installation,  additional  expenses  were  incurred  to  cover  the  cost  of  an  on-site 
archeologist  to  monitor  all  ground  disturbing  activities.  There  was  also  an  additional  $168,000 
added  to  the  original  contract  amount  (contract  amendment  No.  P00003)  by  the  Department  of 
Labor  and  the  contract  should  have  included  per  both  the  Davis  Bacon  Act  and  the  Wage 
Determination  CA29,  modification  23,  dated  04/08/2011.  This  should  be  accounted  for  in  future 
installations.  Consequently,  the  final  contract  price  used  for  calculations  is  $3,430,000. 
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As  a  result  of  the  above  eost,  and  PV  Peak  Capaeity  (Installed)  of  the  system  at  998. 4kW,  the 
Camp  Roberts  demonstration  eost  is  $3.44/W  against  a  target  of  $3.2/W.  As  noted  earlier, 
without  the  aetual  eost  data  for  all  PV  Plant  equipment  from  Beleetrie,  it  is  diffieult  to  determine 
if  the  aetual  plant  eost  was  lessor  morethan  the  ealeulated  $3.44/W  and  whether  the  performanee 
objeetive  metrie  was  aehieved. 

Operations  and  Maintenanee  costs  for  the  first  year  of  operations  are  $28,000  per  State  of 
California  Agreement  B0444.  Beyond  year  1,  Beleetrie  estimates  the  following  cost  increases  for 
years  2  through  5,  or  an  average  increase  of  3.65%; 

•  Year  2:  7.1% 

•  Year  3:  3.0% 

•  Year  4;  2.9% 

•  Year  5;  1.6% 

During  the  25  year  life  of  the  camp  Roberts  demonstration,  O&M  increases  are  expected  to 
average  3%,  and  this  estimate  was  used  for  all  appropriate  calculation  purposes. 

Using  this  3%  factor,  the  Fisher  equation,  and  Present  Value  formula  leads  to  the  following; 

•  NPV  O&M  Costs,  Nominal  Discount  Rate;  $700,000.00 

•  NPV  O&M  Costs,  Real  Discount  Rate;  $896,848.39 


Energy  Calculation. 

During  the  first  year  of  plant  operation,  performance  monitoring  equipment  captured  ambient 
temperature,  wind  velocity,  solar  irradiance,  and  actual  energy  produced  in  15-minute  increments. 
From  this  information,  total  energy  produced  over  the  life  of  the  plant  can  be  accurately  estimated. 

Specifically,  averaging  the  Year  1  raw  OMS  data  provides  the  monthly  performance  for  the  Camp 
Roberts  Solar  Field  as  shown  in  Table  4. 

Table  4:  Performance  by  Month  for  Camp  Roberts  Solar  Field 


DATE 

Ambient 

Temp  Deg.  C 

Wind 

Veiocity 

(m/s) 

Soiar 

irradiance 

(Wh/m*) 

Energy 

Produced  (kWh) 

Jul-12 

21.17 

1.79 

213,076.59 

155,134.00 

Aug- 12 

22.76 

1.91 

223,587.22 

133,614.00 

Sep-12 

20.55 

1.65 

182,385.35 

159,430.30 

Oct- 12 

16.63 

1.11 

134,714.06 

133,384.10 

Nov- 12 

11.66 

0.72 

89,315.43 

95,083.20 

Dec- 12 

8.02 

0.73 

66,660.95 

65,385.90 

Jan-13 

8.11 

0.63 

92,936.52 

104,518.30 

Feb-13 

8.49 

0.83 

106,049.44 

111,162.00 

Mar- 13 

12.85 

1.24 

160,389.27 

147,841.30 

Apr- 13 

15.76 

2.03 

212,277.54 

179,860.20 

May- 13 

18.21 

2.52 

232,584.20 

178,950.30 

Jun-13 

20.95 

2.17 

241,594.63 

170,954.30 

Jul-13 

22.20 

1.91 

245,688.33 

170,790.10 

TOTAL 

1,650,974.00 

February  2014 
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Using  Year-1  actual  energy  produced  of  1,650,974  kWh,  and  0.8%  annual  degradation  factor  for 
panel  performance  change,  the  total  energy  produced  over  the  life  of  plant  can  be  calculated  and  is 
37,522,543kWh. 

LCOE  Calculation  Results: 


Using  data  and  calculations  from  the  above  sections  results  in  the  following  LCOE  values: 

a)  $0.1 10/kWh  assuming  no  tax  credits  and  nominal  interest  rate 

b)  $  0. 1 15/kWh  assuming  no  tax  credits  and  real  interest  rate 

c)  $0.083/kWh  assuming  a  30%  tax  credit  and  nominal  interest  rate 

d)  $0.088/kWh  assuming  a  30%  tax  credits  and  real  interest  rate 

Although  the  $3.44/W  solar  plant  cost  is  higher  than  the  project's  performance  objective,  LCOE 
real-dollar  costs  of  $0. 1 1 5/kWh  are  essentially  equivalent  to  the  $0.11  OkWh  target  given  first-year 
actual  energy  production,  contract  costs,  and  assumptions  about  real  discount  rates.  Additionally, 
since  Camp  Roberts  received  a  30%  investment  tax  credit  for  the  project,  LCOE  as  calculated  in 
case  d)  above,  applies.  $0.088/kWh  represents  a  LCOE  value  20%  less  than  the  $0.1 10  blended 
cost  of  electricity  from  the  utility  provider. 


Green  House  Gas  Emissions: 

The  OMS  (Online  Monitoring  System),  which  is  Meteocontrol,  has  a  web  interface  called 
Safer’ Sun.  Safer’ Sun  has  the  ability  to  calculate  greenhouse  emissions  saved  based  on  the  factor 
0.8845051215  kg/kWh.  When  used  for  calculations,  the  actual  GHG  emissions  saved  associated 
with  this  power  plant  was  783,420kg  for  the  1  year  period  measured. 

Reliability: 

Data  from  the  OMS  was  used  to  determine  if  the  demonstration  met  Nanosolar’s  reliability 
requirements.  The  price  Nanosolar’s  customers  pay  is  based  on  the  expected  performance  of  the 
system,  which  is  modeled  using  PVSyst  and  based  on  flash  test  data  of  the  panels  Nanosolar  ships 
to  the  customer.  The  PVSyst  report  derives  an  annual  expected  kWh  production  of  the  system 
accounting  for  numerous  factors  including  weather  variance,  irradiance,  soiling  loss,  panel 
characteristics,  inverter  loss,  and  shading.  The  data  monitoring  logs  the  performance  of  the  system 
and  Nanosolar  can  compare  actual  data  to  the  expected  energy  yield  of  the  system  over  a  12 
month  period.  Nanosolar’s  R&D  group  conducted  extensive  lab  experiments  to  understand 
degradation  over  time  of  Nanosolar’s  panels  allowing  Nanosolar  to  extrapolate  the  data  over  a  25 
year  period  and  show  the  energy  yield  for  the  life  of  the  system. 

In  addition  to  panel  degradation  studies.  Nanosolar’s  Product  Development  team  ensured  that 
solar  plant  components  used  in  the  manufacturing  of  panels,  inverters,  cables,  and  other  BoS  parts 
were  chosen  and  tested  to  ensure  25  year  life. 

Analysis  of  OMS  data  during  the  first  year  of  plant  operations  showed  that  availability  was 
98.4%.  A  detailed  examination  of  the  daily  data  comprising  of  the  monthly  averages  in  table  4 
shows  6  days  in  August  2012,  during  which  no  energy  production  was  recorded.  Additionally, 
solar  irradiance  captured  by  the  OMS  appears  low  during  one  day  in  December  2012.  Despite 
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this,  total  energy  produced  and  recorded  exceeded  the  energy  predicted  by  PV-Watts  and  as 
described  in  the  table  below. 

Photovoltaic  Peak  Capacity  and  Renewable  energy  Produced: 

Table  5:  Performance  by  Month  vs,  PVWatts  Predicted  Energy 


DATE 

Ambient 

Temp  Deg.  C 

Wind 

Velocity 

(m/s) 

Solar 

Irradiance 

(Wh/m^) 

Energy 

Produced  (kWh) 

Predicted  Energy, 
PV-Watts  (kWh) 

Jul-12 

21.17 

1.79 

213,076.59 

155,134.00 

172,726 

Aug- 12 

22.76 

1.91 

223,587.22 

133,614.00 

172, 185 

Sep-12 

20.55 

1.65 

182,385.35 

159,430.30 

145234 

Oct- 12 

16.63 

1.11 

134,714.06 

133,384.10 

126081 

Nov- 12 

11.66 

0.72 

89,315.43 

95,083.20 

97404 

Dec- 12 

8.02 

0.73 

66,660.95 

65,385.90 

81933 

Jan-13 

8.11 

0.63 

92,936.52 

104,518.30 

84632 

Feb-13 

8.49 

0.83 

106,049.44 

111,162.00 

97480 

Mar- 13 

12.85 

1.24 

160,389.27 

147,841.30 

130042 

Apr- 13 

15.76 

2.03 

212,277.54 

179,860.20 

150167 

May- 13 

18.21 

2.52 

232,584.20 

178,950.30 

171897 

Jun-13 

20.95 

2.17 

241,594.63 

170,954.30 

167780 

Jul-13 

22.20 

1.91 

245,688.33 

170,790.10 

172726 

TOTAL 

1,650,974.00 

1,597,561.00 

During  the  first  year  of  operations,  the  Camp  Roberts  solar  plant  produced  and  delivered 
l,650MWh  AC.  Power  delivered  exceeded  PV-Watts  projected  value  of  l,597MWh  by  3.34% 
and  is  in  line  with  industry  experience  where  the  CA  Solar  Initiative  calculator  underestimates 
actual  power  generated  by  5-10%.  See  table  5  above  for  a  comparison  of  performance.. 

As  mentioned  in  the  section  on  Reliability  above,  daily  production  data  included  6  days  in  August 
2012,  during  which  “no  data”  was  recorded.  It  also  included  one  day  in  December  2012,  during 
which  measured  irradiance  and  power  generated  appeared  to  be  low  vs.  irradiance  statistics. 
Despite  these  events  which  reduced  actual  power  produced  (or  recorded),  annual  solar  plant 
performance  exceeded  PV-Watts  expectations. 

Site  Maintenance: 

Verification  that  the  site  maintenance  is  carried  out  according  to  the  proposed  schedule  for  the 
first  year  is  the  responsibility  of  the  O&M  contracting  company,  Belectric..  This  was  arranged  by 
Nanosolar  in  conjunction  with  the  ESTCP  office.  Belectric  is  anticipated  to  be  the  O&M 
company  of  record  going  forward,  and  arrangements  will  be  managed  by  the  federal  government. 

State  of  California  Standard  Agreement  B0444  applies  for  the  first  year  O&M.  Beyond  year  1, 
Belectric  estimates  the  following  cost  increases  for  years  2  through  5,  or  an  average  increase  of 
3.65%: 


Year  2:  7.1% 
Year  3:  3.0% 
Year  4:  2.9% 
Year  5:  1.6% 
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During  the  25  year  life  of  the  eamp  Roberts  demonstration,  O&M  inereases  are  expeeted  to 
average  3%,  and  this  estimate  was  used  for  all  appropriate  ealeulation  purposes. 


Statistical  Methodologies 

Normalizing  Data: 

To  normalize  the  field  data,  power  output  of  the  panels  is  adjusted  to  Standard  Test  Conditions 
(STC).  In  normalizing  the  data.  Nanosolar  uses  temperature  eoeffieients  to  adjust  the  power 
output  to  what  it  would  be  if  the  temperature  was  at  Standard  Test  Conditions  (STC)  defined  as 
1000  W/m^  irradianee  at  25  degrees  C.  R&D  tests  at  Nanosolar  show  lower  temperatures  lead  to 
higher  panel  voltage. 

As  a  result  of  Nanosolar’s  deeision  to  eease  operations  by  Oetober,  2013,  eomplete  normalization 
of  data  was  not  aeeomplished,  although  the  non-normalized  data  provides  results  very  elose  to 
those  that  would  be  eomputed  using  data  normalized  to  STC. 


Graphical  Methodologies 

Nanosolar  used  both  bar  eharts  and  tables  when  presenting  performanee  data.  This  allows 
Nanosolar  to  easily  eompare  performanee  from  Nanosolar’s  system  with  existing  teehnologies  and 
systems. 

Modeling  and  Simulation 

PVSyst: 

PVSyst  is  an  industry  standard  modeling  program.  It  takes  weather  files  and  eharts  data  over  a 
period  of  time  (interpolating  irradianee  and  temperature)  to  derive  an  expeeted  energy  yield  of  the 
system.  This  software  is  very  detailed  and  aeeounts  for  panel  eharaeteristies,  angle  of  ineidenee 
(AO I),  soiling  loss,  inverter  loss,  orientation  of  the  panels,  shading  loss,  Ohmie  loss  of  the  system, 
module  mismateh  loss,  and  module  quality  loss. 

Meteonorm: 

Meteonorm  software  ereates  weather  files  used  by  PVSyst.  Typieally,  Meteonorm  uses  weather 
station  data  eolleeted  over  many  years  to  derive  expeeted  weather  parameters  (temperature  and 
irradianee)  that  ean  be  used  with  PVSyst  to  simulate  how  a  PV  system  would  perform.  It  uses 
interpolation  to  fill  in  data-gaps  where  weather  stations  may  not  be  present. 


Sensitivity  Analysis 

Nanosolar  has  datasheets  to  provide  information  on  how  irradianee  and  temperature  affeets  panel 
performanee.  Normalizing  the  data  to  STC  eould  have  kept  data  from  being  effeeted  by  varying 
environmental  ehanges,  however  normalization  of  the  data  was  not  eompleted  due  to  Nanosolar’s 
deeision  to  eease  operations  by  Oetober,  2013. 
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Anecdotal  Perspectives 


The  Operation  &  Maintenance  (O&M)  contract  was  awarded  to  Belectric  as  mentioned  earlier  in 
this  section. 

See  customer  satisfaction  section  9.0  for  additional  Anecdotal  Perspectives. 

Industry  Standards 

STC  Conditions: 

STC  stands  for  “Standard  Test  Conditions.”  It  is  a  solar  industry  standard  to  rate  panels.  When 
Nanosolar  states  it  is  using  200W  panels,  this  means  the  panels  were  found  to  produce  about 
200W  in  a  lab  under  STC  conditions.  STC  condition  is  defined  as  1000  W/m2,  25  degrees  C,  and 
1 .5  AM  (Air  Mass). 

These  standards  are  generally  used  in  photovoltaic  panels.  Nanosolar  has  documentation  that 
manufactured  panels  adhere  to  the  following  list  of  standards: 

•  61646  (thin  film  performance)  and  61730  (all  modules,  safety) 

•  ISO  9488  Solar  energy 

•  UL  1703 

•  UL  1741 

•  CE  mark 

•  Electrical  Safety  Tester  (EST)  Series  (EST-460,  EST-22V,  EST-22H,  EST-170). 

PTC  Conditions: 

PTC  refers  to  PVUSA  Test  Conditions,  which  were  developed  to  test  and  compare  PV  systems  as 
part  of  the  PVUSA  (Photovoltaics  for  Utility  Scale  Applications)  project.  PTC  conditions  are 
defined  as  1,000  Watts  per  square  meter  solar  irradiance,  20  degrees  C  air  temperature,  and  wind 
speed  of  1  meter  per  second  at  10  meters  above  ground  level.  PTC  is  an  attempt  at  a  more  realistic 
measure  of  PV  output  because  the  test  conditions  better  reflect  "real-world"  solar  and  climatic 
conditions,  compared  to  the  STC  rating.  Eor  its  technology  used  in  the  Camp  Roberts 
demonstration.  Nanosolar  did  not  use  PTC  conditions  for  development,  testing,  or  validation  of  its 
cells  or  modules. 

Internal  Validity 

The  following  events  affect  measured  performance  and  are  both  difficult  to  predict  as  well  as 
control  without  incurring  unreasonable  preventative  maintenance  cost: 

1)  Soiling  loss  -  O&M  will  involve  cleaning  the  panels,  but  uncertainty  regarding  how  much 
dust  and  dew  will  occur  in  the  PV  plant  site  remains.  Typically  Nanosolar  assumes  2% 
soiling  loss  in  the  PVSyst  simulation,  but  it  could  be  more  or  less  during  operation  in  the 
field. 

2)  Monitoring/  Internet  Connection  -  Whenever  the  internet  is  lost  for  a  longer  period  of  time 
than  the  data  logger  is  capable  of  storing  in  its  memory,  the  possibility  of  losing  data 
exists.  If  the  data  logger  malfunctions  and  is  shutdown,  this  will  also  result  in  gaps  in  the 
data.  However,  the  likelihood  that  the  monitoring  system  will  be  down  very  long  is 
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minimal.  Additionally,  12  months’  worth  of  data  was  collected  so  minimal  gaps  will  not 
be  material  to  the  results  of  the  demonstration  project.  Assumed  in  this  is  timely  issue 
resolution  if  stakeholders  note  that  monitoring  is  down.  As  an  example  of  timely 
resolution  of  a  monitoring  issue,  when  the  system  went  down  on  August  15,  2012,  the 
issue  was  addressed  in  a  timely  manner. 

External  Validity 

Validating  future  potential  DoD  sites  will  involve  a  developer  performing  the  following  work: 

•  Evaluating  the  land  to  determine  whether  it  is  viable  for  PV. 

•  Contacting  the  utility  to  determine  if  either  a  PPA  or  net  metering  is  possible.  Also  seeing 
if  there’s  a  utility  tie-in  point  nearby  the  site  for  interconnection. 

•  Researching  on  state  and  city  policies  that  may  prevent  PV  to  be  installed  in  that  particular 
zone. 

•  Running  a  PVSyst  report  to  determine  how  much  energy  yield  would  be  expected  from  a 
PV  system  in  that  particular  location  and  climate. 

•  Running  a  financial  model  to  account  for  the  price  for  energy  and  then  comparing  it  to  the 
IRR  of  the  system  over  25  years,  ensuring  the  project  makes  financial  sense. 

Building  Life-Cycle  Cost  Program 

Building  Life-Cycle  Cost  5  (BLCC5),  a  software  tool  that  created  the  MILCON  ECIP  analyses, 
was  designed  to  evaluate  the  "relative  cost  effectiveness  of  alternative  buildings  and  building- 
related  systems  or  components."  BLCC5's  ECIP  tool  analyzes  payback  periods,  IRR,  and  other 
financial  metrics  for  environmental  improvement  projects.  Its  solar-related  rebate  and  incentive 
tools  are  largely  manual  and  not  as  developed  as  the  SAM  tool,  but  it  has  a  strong  use  precedent  in 
the  Eederal  Government. 
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7.0  COST  ASSESSMENT 


For  this  demonstration  project,  cost  tracking  was  very  important.  Table  6  represents  the  estimated 
cost  from  Belectric  as  part  of  the  proposal  as  follows: 

Table  6:  Belectric  Hardware  and  Installation  Cost  (Estimated) 


Item 

Cost  ($) 

Labor 

347,780 

Indirect  Charge  1  (Direct  Labor  Overhead) 

39,299 

Major  Equipment 

2,300,000 

Materials,  Supplies,  Consumables 

150,000 

Indirect  Charge  2  (G&A) 

255,337 

Fixed  Fee  (Belectric  Margin) 

154,584 

TOTAL 

3,247,000 

This  chart  did  not  anticipate  the  Davis/Bacon  requirement  which  added  $168K  to  the  contract  for 
labor  rates  and  brought  the  contract  total  to  $3,430,000.  Additionally,  as  mentioned  earlier, 
comparison  of  estimated  and  actual  costs  was  not  possible  after  1  year  of  plant  operation  due  to 
lack  of  data  from  Belectric. 


7.1  COST  MODEL 

Table  7:  Cost  Model  for  Camp  Roberts  Solar  Plant 


Cost  Element 

Data  Tracked  During  the 
Demonstration 

Estimated  Costs 

Hardware  capital 
costs 

Estimates  made  based  on 
component  costs  for  demonstration 

$2,300,000  (includes  4998  solar 
panels,  a  1  MW  inverter  and  all 
associated  BoS  (racks,  etc.) 

Installation  costs 

Labor  and  material  required  to 
install 

$555,079  including  direct  & 
indirect  labor  as  well  as  contract 
addendum  of  $168K. 

Consumables 

Estimates  based  on  rate  of 
consumable  use  during  the  field 
demonstration 

$150,000  including  misc.  materials 

Energy  Generation 

Energy  Generated  by  system 
during  field  demonstration 

1,650,974  kWh  AC 

Maintenance 

•  Frequency  of  required 
maintenance 

•  Labor  and  material  per 
maintenance  action 

$28,000/year  for  L'  year  including 
inverter  PM,  grass  &  vegetation 
control,  and  module  washing,  etc. 

Hardware  lifetime 

Estimate  based  on  components 
degradation  during  demonstration 

25  years. 

Operator  training 

Estimate  of  training  costs 

N/A  (very  minimal) 
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7.2  COST  DRIVERS 


The  price  of  solar  panels  dropped  dramatically  since  the  demonstration  project  proposal  was  first 
submitted  in  August  2010.  This  industry-wide  solar  pricing  drop  had  a  very  detrimental  effect  on 
solar  panel  manufacturers  like  Nanosolar.  Many  companies  had  to  close  operations.  Going 
forward,  a  renewed  focus  in  the  US  on  specialty  applications  such  as  BIPV  (Building  Integrated 
Photovoltaic)  and  related  applications  is  required  to  allow  for  higher  margins  for  panels  and  to 
ensure  U.S. -based  solar  panel  providers  continue  to  be  available  to  the  government. 


7.3  COST  ANALYSIS  AND  COMPARISON 


Although  Nanosolar  did  not  have  access  to  the  final  cost  numbers  from  Belectric,  calculated 
LCOE  numbers  presented  earlier  provide  a  clear  indication  that  the  project  performed  well. 
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8.0  IMPLEMENTATION  ISSUES 


There  were  some  issues  with  the  project  that  are  worthy  of  mention: 

1.  Gaps  in  data:  there  were  6  days  in  August  2012,  with  no  data  and  one  day  in  November 
2012,  exhibiting  low  power  generation  compared  to  other  days  of  similar  irradiance.  The 
lesson  is  that  data  monitoring  pays  for  itself  by  quickly  identifying  issues  that  need  to  be 
corrected  for  maintaining  the  maximum  possible  incentive  dollar  amount.  There  were  also 
a  few  days  in  May  2013  that  recorded  no  data  for  local  temperature.  This  was  likely  due  to 
a  bad  sensoronce  addressed,  thedata  recording  returned  to  normal. 

2.  There  were  nine  panels  that  experienced  shattered  glass  failures  during  the  first  few 
months  of  operations.  These  panels  were  replaced  in  November,  2012,  with  no  further 
incidents.  The  O&M  provider  also  has  a  few  (87  estimated)  extra  panels  for  future 
occurrences  if  needed.  Additionally,  it  would  be  possible  to  replace  an  entire  string  if  there 
are  a  greater  number  of  failures  over  time  as  long  as  the  electrical  specifications  were  kept 
within  the  tolerance  of  the  inverter.  An  example  of  a  frameless  panel  can  be  found  @ 
Lumos  Solar.com. 

3.  Belectric  was  slow  to  implement  the  O&M  contract  and  the  first  service  not  completed 
until  6  months  after  the  system  was  tied  to  the  PG&E  grid  in  May  2012.  The  NAVFAC 
technical  program  office  will  continue  to  monitor  vendor  performance  going  forward.  At 
the  end  of  the  contract  period,  an  additional  4  panels  were  found  to  be  cracked  during  a 
visual  inspection.  These  panels  are  scheduled  to  be  replaced  during  the  current  month 
(September  2013). 

4.  There  was  no  official  LCOE  report  done  due  to  the  planned  shutdown  of  Nanosolar  in 
October  2013.  This  report  calculates  a  best  estimate  that  the  program  met  the  original 
ECOE  goals. 

5.  Panel  and  BoS  costs  continue  to  decrease  with  rapid  standardization  and  commoditization 
of  components. 

a.  Panels  have  become  a  commodity  with  typical  selling  price  in  the  $0.60-$0.70 
range.  Pricing  is  still  slowly  declining  as  of  September  2013.  Many  industry 
experts  expect  that  pricing  will  completely  stabilize  by  2015. 

b.  Inverter  pricing  is  also  dropping  and  Nanosolar  expects  these  components  will 
soon  be  a  commodity  like  panels.  It  is  predicted  that  the  inverter  will  need  to  be 
replaced  in  year  15  at  a  future  cost  likely  to  be  significantly  lower  that  today’s 
costs  based  on  industry  trends. 

6.  Eabor  is  a  significant  opportunity  for  cost  reduction  and  may  be  enabled  by  investment  in 
simplifying  construction  and  installation  processes  by  improving  racking. 

a.  Nanosolar’s  expects  the  next  areas  to  attack  from  a  cost  perspective  are  the  racking 
and  other  BoS  components,  as  well  as  the  soft  costs.  It  is  clear  to  the  author  that  the 
installed  price  of  utility  scale  solar  will  be  below  $2/watt  in  the  immediate  future. 
This  is  a  testament  to  how  quickly  the  goals  of  this  project — first  proposed  in 
2010 — became  a  reality,  and  at  a  rate  far  faster  than  envisioned. 

7.  During  installation,  there  were  additional  expenses  required  to  cover  the  cost  of  an 
archeologist  to  be  present  for  all  ground  disturbing  activities  as  the  area  was  thought  to 
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have  possible  Native  American  artifacts.  This  was  a  onetime  occurrence  that  would  not 
affect  most  future  projects. 

8.  During  installation,  an  additional  $168,000  was  added  to  the  contract  (contract  amendment 
No.  P00003)  by  the  Department  of  Labor  because  the  original  contract  should  have 
included  the  Davis  Bacon  Act  as  well  as  Wage  Determination  CA29,  modification  23, 
dated  04/08/2011.  This  should  be  accounted  for  in  future  installations. 
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9.0  CUSTOMER  SATISFACTION 


Telephone  and  in-person,  informal  interviews  with  Camp  Roberts  stakeholders  indieate  that 
customer  satisfaction  with  the  technology  demonstration  project  is  “High”  using  a  scale  of: 

•  Very  High 

•  High 

•  Average 

•  Fair 

•  Poor 


While  this  evaluation  is  subjective,  the  primary  reasons  for  this  customer  satisfaction  rating 
include  positive  assessments  and/or  perception  of  system  cost,  greenhouse  gas  emission  savings, 
percent  system  uptime,  energy  yield,  and  ease  of  ease  of  operations  and  maintenance.  This  report 
was  not  available  in  whole  or  in  part  to  interviewees  during  customer  satisfaction  discussions. 

Additionally  and  for  future  projects.  Nanosolar  recommends  that  customer  satisfaction  interviews 
and  surveys  occur  on  a  quarterly  basis  during  the  first  year  of  power  plant  operation.  The  Camp 
Roberts  project  has  shown  that  today's  highly  mobile  workforce  makes  assessing  customer 
satisfaction  challenging  as  participants  move  on  to  new  roles  and  endeavors.  As  an  example,  only 
five  stakeholders  associated  with  the  project  were  available  for  interviews  after  the  power  plant 
had  been  in  operation  for  one  year. 

Despite  the  above,  input  from  stakeholders  and  customers  indicates  that  the  demonstration  project 
satisfied  their  needs  and  expectations  to  a  “High”  degree. 


9.1  FUTURE  SOLAR  PV  POWER  PLANT  IMPROVEMENT  OPPORTUNITIES 


During  customer  satisfaction  discussions  and  interviews,  several  improvement  opportunities  were 
identified  for  future  projects.  Key  inputs  are  captured  below: 

•  During  system  construction,  panel  should  be  mounted  higher  from  the  ground  for  easier 
maintenance  and  to  prevent  damage  while  the  power  plant  is  in  operation.  Mounting  the 
front  lip  of  the  panel  at  48  inches  versus  the  systems  24  inches  could  accommodate  this 
need. 

•  Operations  and  maintenance  cost  reductions  could  be  achieve  by  modifying  the  system  to 
allow  use  of  livestock  (e.g.  sheep)  to  prevent  buildup  of  grass  and  weeds  under  and  around 
panels. 

•  Design  teams  should  consider  variations  in  panel  mounting  angle  and  this  -  direction  to 
optimize  energy  yield  for  peak  summer  loads  when  the  solar  PV  power  plant  offsets 
expensive  utility  electricity  cost. 

•  Primary  drivers  of  Balance  of  System  costs  are  changing.  Panels  are  becoming  commodity 
items,  and  inverter  technology  is  moving  to  commodity  rapidly.  Consequently, 
construction  costs  and  other  labor  driven  costs  are  becoming  dominant  and  efforts  should 
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be  taken  to  deerease  time  and  costs  associated  with  construction  and  maintenance  phases 
of  future  projects. 

•  The  process  by  which  stakeholders  could  review  real-time  energy  production  could  be 
clearer. 
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APPENDICES 


Appendix  A:  Points  of  Contact 


Point  of  Contact 

Organization 

Phone  & 

E-mail 

Role  in  Project 

John  Bender 

Nanosolar 

(408)718-7613 

John.bender(a),Nanosolar.com 

Principal 

Investigator 

Merc  Martinelli 

Ex-Nanosolar 

(408) 888-4784 
mercm(2!cruzio  .com 

Co-author 

Barbara  A. 
Nuismer 

Camp  Roberts 

(805)391-0302 

Barbara.a.nuismer.mil@mail.mil 

Camp  Roberts 
Commander 

Sean  P.  Byrne 

Camp  Roberts 

(619) 854-1948 

S  can.  D  .b  vrne.  mil(S),mail .  mil 

Camp  Roberts 
DPW 

John  Graham 

Belectric 

(510)  896-3335 

J  ohn.  graham@belectric-usa.  com 

Director  of 
Constmction 

Darlene 

McCalmont 

McCalmont 

Engineering 

(408) 871-9600 

darlenemccalmont@mccalmont.net 

Reporting 

Consultant 

Vem  Novstrup 

NAVEAC 

(805)  701-9181 
vem.novstrup@navy.mil 

PE  CEM 
Environmental 
Engineering 
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Apendix  B:  Nanosolar  Utility  Panel  Spec  from  “As  Built”  Documentation 


^  nanosolar 


ftonosoiar  Utility  Pan«l 


Performance 


Maxmum  Rated  Power 

18CW«-240W, 

1  Toieranca' 

*1-5% 

Umited  warranty' 

5  years  matsnal  &  workmanship 

90%  nomirval  power  output  for 
hist  10  years 

80%  nominal  power  output  tor 

Arst  2S  years 

Mechanical  Characteristics 


I  Olmensona 

Leogffi  1937  mm  (76  in) 

WWth  1034  mm  (41  e») 

Height  7  mm  (028  in) 

I  weight 

34  7  kg  (76  3  lbs) 

I  ConalTuction 

Frameless  giass'^ass  laminate 

3  mm  tempered  soar  glass  front 

3  mm  tempered  glass  back 

Solar  caas 

64  MWr  CIGS  cells  at  senes 

Cell  Layout 

6  cells  per  smng 

14  stmgs  per  module 

Output  Cables 

80  mm  cable  (pos«ve) 

3(X)  mm  cable  (negaUve) 

Output  Taminal 

MC3  compatible 

Mounting  Syslama 

4  Clamps  tor  2400  Pa  load 
AddiUonal  2  rads  tor  5400  Pa  I 

Shipping  Quantities 


1  Per  Pallet 

60 

Per  20-toot  ISO  Container 

600 

Mechanical  Drawing 


Electrical  Characteristics  at  STC^ 


Rated  Power  (W^) 

180 

190  200  210  220 

230  240 

Vww(V) 

343 

35  5  36  6  377  30.5 

i 

40  5  42  2 

liiep(A) 

54 

5  5  56  5.7  5.7 

58  58 

Voc(V) 

46  01469:476  , 48  7  49.6 

SO  S  51.4 

lsc<A) 

66 

6  7  6  7  6  7  6.7 

6.7^  6.7 

Max  System  Voltage 

1500V 

Max  Senes  Circuit  Fuse 

25A 

Nominal  Operating  Cel 
Temperature 

4rc 

Electrical  Characteristics  at  NOCT^ 

Rated  Power  (Wt) 

180 

190  200  210  220 

230  240 

V»,H*>(V) 

j301 

30  9  32  3  33.4  34  6 

36  0  37.3 

liipp(A) 

42 

44  45  45  46 

4.7  "4.6 1 

Voc(V) 

416 

42.5  436  44  5  45.3 

1 

46  6  47.4 

lic(A) 

S3 

54  54  54  54 

54  54 

Qualifying  Test  Conditions 

Temperature  Cycling 

-40*C  to  46S‘C.  2004^ 

1 

Damp  Heat 

65%  RH.  85'C.  1000  hr 

StatK  Load  Front  and 
Back 

2400  Pa  (SO  pef) 

Hailstone  Impact 

25  mm  diameter  at  23  nVs 

Quality  and  Safety 

•  lEC  61646  &  61730 

•  UL  1703.  Fire  Resistartce  Class  A 

•  TUV  Safety  Class  II  up  to  1SOOVDC 


'  Contaa  Nanotoiar  for  fua  warranty  tanris 
'StanflafOTestCondloonatSTC):  1Q00W/m*,  25’C  AMI  5G 
’  NOCT  Taat  Condibons  800  Wm*  an'Oent  20*C  Wnd  Stnxs 


WWW  nanotoiar  com 


NSC-001  Rev  a  (4/2011) 
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Appendix  C:  eGRID2010  Version  1,1 


eGRID2010  Version  1.1  Year  2007  GHG  Annual  Output  Emission  Rates 


Annual  total  output  emission  rates  for  greenhouse  gases  (GHGs)  can  be  used  as  default  factors  for  estimating  GHG  emissions  from 
electricity  use  wfoen  developing  a  carbon  footprint  or  emission  inventory.  Annual  mn-baseload  output  emission  rates  should  not  be  used 
for  those  purposes,  but  can  be  used  to  estimate  GHG  emissions  reductions  from  reductions  in  electricity  use. 


Annual  total  output  emission  rates 

Annual  tton-baseload  output  emission  rates 

•GFUO 

carDon  aioxioe 

Hemvie 

Niiroua  oxioe 

carbon  aioxioe 

Memane 

Nitrous  OXKM 

subregion 

(COd 

fCH.) 

(MlO) 

(COd 

(CM.) 

CH.O) 

acronym 

tKSRD  subregion  nanw 

(ib/lfWh) 

|1b/GWtl) 

nbASWh) 

(itvwwh) 

pb/GWIll 

(ib/GWh) 

AKGD 

ASCC  Alaaa  Grid 

1^84.72 

27.11 

7.44 

1.363.19 

34.99 

6.95 

AKMS 

ASCC  Miscellaneous 

535.73 

22j65 

4.48 

1.46230 

61.68 

12.18 

AZNM 

WECC  soumwest 

1^.61 

18.80 

16.57 

1.211.84 

X.56 

931 

CAMX 

WECC  CaMOmia 

681.01 

28-29 

6.23 

1.045.x 

X.42 

4.74 

ERCT 

ERGOT  All 

1^52.57 

17.76 

13.99 

1,096.19 

19.69 

5.63 

FRCC 

FRCC  AJI 

1^.11 

41.19 

15.25 

1.286.41 

43.40 

11.x 

HIMS 

HICC  Miscei3r>eous 

1^.82 

135.15 

21.71 

1.645.57 

122-94 

21.x 

HlOA 

Hicc  Oahu 

1.620.76 

91.05 

20.89 

1.&X.89 

106.18 

18.52 

MR06 

MRO  East 

1.692.32 

28,79 

29.05 

1,905.18 

35-25 

29.98 

MKOW 

MRO  west 

t. 722.67 

28-97 

29.19 

1^.69 

53.59 

32.98 

NEWE 

NPCC  Ne«  England 

827.95 

76.98 

tSiO 

1.2(M.9t 

60.69 

13.41 

MWPP 

WECC  Northsrcct 

858.79 

16.34 

13.64 

1.279.58 

43.31 

15.75 

NYCW 

NPCC  NYCWestcnester 

704.80 

26-22 

3.35 

1.234.06 

37.65 

4.88 

NYU 

NPCC  Long  island 

1.418.74 

90.50 

13.10 

1397.80 

44.08 

6.99 

NYUP 

NPCC  Upstate  NY 

683.27 

17.41 

9.90 

1,384.20 

31.55 

16.19 

RFCE 

RFC  East 

1.059.32 

27.4D 

17.03 

1.671.96 

33.29 

22.19 

RFCM 

RFC  Michigan 

1.651.11 

32-55 

27.79 

1,803.64 

32.09 

27.x 

RFCW 

RFC  West 

1.551.52 

18-37 

25.93 

1,982.05 

2430 

3148 

RMPA 

WECC  Rockies 

1.906.06 

23.63 

28.89 

1.554.x 

23.17 

16.45 

SPNO 

SPPNorVi 

1,796.71 

21.22 

29.20 

1,958.22 

25.40 

27.75 

SPSO 

SPPSOUVl 

1.624.03 

24.52 

22.42 

1,435.24 

25.03 

13.14 

SR  MV 

SERC  Mississippi  Valley 

IJXM.IO 

21.80 

11.15 

1.171.05 

28.25 

6.91 

SRMW 

SERC  uidvkect 

1.779.27 

20.57 

29.60 

1345.66 

24.02 

29.69 

SRSO 

SERC  soun 

1.495.47 

23.64 

24.57 

1,651.05 

28.x 

21.69 

SRTV 

SERC  Tennessee  Valley 

t  .540.85 

19.87 

25.48 

1317.25 

25.98 

X.05 

SRVC 

SERC  VlrqinlarCaroiina 

1.118.41 

22J6 

19.08 

1.66t.t1 

X.01 

24.51 

U.S. 

1.293.05 

25.07 

19.04 

1320.21 

32-23 

18.41 

This  is  a  representational  map:  marry  of  the  boundaries  shoem  on  this  rrvap  are  approximate  because  they  are  based  on 
companies,  not  on  strictly  geographical  boundaries. 
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Appendix  D:  CA  Solar  Initiative  Projection  for  Camp  Roberts 


Incentive  Calculator  -  CSI  Standard  PV 

T1«  CSi-EPBB  caicuator  fe  a  tod  avallaM  to  partidpanto  cr  the  CSI  Pro-am  to  determine  the  EPB6  Deogn  Factor  and  caicuQte  an  appropriate  ir>oertoire  level  based  on  a 
reasonable  expectadon  or  performance  tor  an  Inctvidijaf  system.  TheCSI-EPBe  Calctialor  has  also  Been  created  tor  corgumets  to  educate  toemseives  on  the  dnerences  of 
solar  system  design  and  how  changes  to  the  PV  system  sspecfltoaOonsiMi  produce  (ffTerentldtowatt  hour  resiits  over  the  course  or  a  year.  Please  be  amrare  that  actoai 
performance  of  an  Installed  PV  system  is  based  on  numerous  tactors.  indudng  some  factors  that  may  not  be  considered  in  the  CSi-EPGB  CalcUator.  While  this  catouator 
reles  on  Indu6try-star>dard  assumptions,  and  kdhven  by  NREL's  PVWtetsv.  2  cteaiabr.  there  may  be  otter  factors  tiat  affect  the  output  or  your  PV  System. 


Proposed 

Site  SpectIcaOons; 

Project  Name 

Camp  Roberts  *  Nanosolar 

ZIP  Code 

53451 

OK 

San  Mguei 

uam 

PG&E 

Customer  Type 

GovemmenWon-PfoBt 

IncenWeType 

rei 

PVSystBm  Spectlcadons; 

FVModie 

NanosdarNanosdar  UHiy  Panel  200W 
ZOaOWSTC,  17S.0W  FTC 

NtmOeroTModdes 

sooo 

Mouitng  Method 

»€'  average  standoir 

DCRacrig<KWSTC) 

1O0Q.QO0O 

DCRatngfkWPrC) 

875.000D 

toveder 

SaKton  TethndogyFvs-SX  (MVT) 

Number  or  Irrverters 

2 

Irrwerter  Efficiency  (%) 

95.50% 

Shadng 

Mnffnai  Shadng 

TradEtog 

Fded 

Array  TV  ^de^ees) 
Array  Aztosito  (degrees) 


EsOmatod  Morithly  Production 


I  Prcoosed 
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PropoMd 


RflMftB 

Anma  iwh 
SurmerMontra 
Sunvnerkwn 
CS-ACfUmg 
CapaOy  Factor^ 

Prev^»ig  Capacity  FacKir^ 
D«el^  Factor* 

El^bto  Annual  RWi* 

incanBveRato 

incanttva* 


Report  Generawd  on 


U97.S59 
My-OctoOer 
955.902 
>35^  KW 
21.824% 

20.000% 

109.120% 

1^.559 

|0.114A(Wh 

$910,009 

Please  t>e  amre  PG8C  riaa  receTMd  enoii^  nan-reaMlenttal  projects  to  move  into  Step 
10  (once  an  projects  are  reviemred  and  reserved).  The  total  capacity  under  review  is  90.68  MW 
and  the  total  capacity  avasatae  m  step  9  is  41.43.  Rts  very  aiety  mat  your  prefect  «M  receive 
Anong  In  Stop  10  (50.09«wn). 

^1712012  11:10:51  AM 


1.  Cufoity  raaior  TW»  i«  »e  eja^’ita  amuaioutourorgwpfepcaeq  syswrn  w<iaMPy  B7SDi»we«weCEC-ACiiW»fl. 

2.  PwMiain  Cigaiay  F»o>or:  Tuna  ia%  tUMlng  BcertTve  ttq» 2 and  3 and  20%<»*v>g  lncefH»»e  Wep»*e»pugh  10. 

1.  Dv€ia»  Futor:  TmmnemeaoftneCapecay  Faaerwxia^e  Prexuno  capadty  Fagor. 

4l  ENgrew  Annual  kWN:  For  sjater*  gnaler  Von  1MW  (C£C*ACItoWi(D.  Oiti  is  toe  pnraM  eWP'oled  annus  outout  of  Vw  propoMO  systoni. 

S-  Inoanllva :  TMs  tt  toe  esttwiaita  total  incefWva  tor  toe  proposed  sjrstefn.  and  is  cainiaied  as  toe  eamaied  elpfeie  armai  outoui  tones  toe  incavve  laee  Brnes  S  years. 
The  nccfWve  peM  «*•  be  baMd  on  toe  actoai  produebon  of  toe  nstatod  erstom. 

Please  be  aaare  toat  toetoial  C8l  atcenbve  rale  toat  is  reserred  tor  you  arti  be  dettnrined  by  ypw  C8l  Pregrerr.  AdmeiMralvattoetone  yov^resenabon  revieat  (RR) 
appiioeon  is  approved,  and  may  be  tower  man  toe  current  toeenbve  rate  stioan  in  tne  C8l  sadewue  Tngger  Pont  Tracker.  Please  mee  toat  toiai  ncenbre  amouvs  are 
subject  to  cnange  based  upon  toe  conSguraCion  of  the  as-bidl  system.  iFergie  CSi  Handboos.  no  proiects  or  appicabons  are  reserved  C9l  fundng  ladi  all  regtored 
Wtorritopon  has  been  siCrrwttod  and  approved  li  artong  try  toe  Proyarii  AdrrtnMrator  i 
E  As  of  Srwr.  toe  C8l»g66  olcJalor  pertorms  lountortg  as  toaoais: 
o  £s«natod  KWn  preducben  Is  leunded  to  toe  kWh 
O  CSC-AC  rtoing  s  rounded  to  toe  wtf 
O  Capacty  lataor  s  rounded  to  5  si^iticant  dipto 
O  Oeskto  tockr  is  toitoded  to  S  sgniteam  dgits 


E-mail  csi-epbb@aesc-inc.com  with  questions  or  comments. 

@  2007-2010  California  Solar  Initiative  Program  Administrators  |  conditions  of  use  |  privacy  policy  |  accessibility 
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Appendix  E:  NOAA  Solar  Calculator  for  Camp  Roberts 


NOAA  Solar  Calculator 


Find  Sunrise,  Sunset,  Solar  Noon  and  Solar  Position  for  Any  Place  on  Earth 

Show:  OWorld  Cities  ©U.S.  Cities  QGMD  Observ.'s  QGMD  Data  Sites  CSurfRad 

Ckck  one  of  the  smell  pins  near  (and  in  the  same  time  zone  as)  your  desired  location.  Use  the  control  on  the  left  side  of  the  map  to  zoom  «i  or  out.  Place  the  large  pm 
m  the  exact  desired  location.  You  can  use  the  Save  button  to  have  your  computer  remember  the  current  location  for  next  time.  Check  the  OST  check  box  if  Daylight 
Saving  Time  is  m  effect  for  your  site. 


Location: 


Lat  35.794529||  Lng  -120.7337606j 


Time  Zone  -6 


DST?0 


.Saver 


Date: 


Day  [21  Mon  [Dec 


Yr  2013 


1 


Local  Time: 


14 


01 


Equation 
of  Time 
(minutes): 

Solar 

Declination 
(in  •): 

Apparent 

Sunrise: 

Solar  Noon: 

Apparent 

Sunset: 

Az/EI  (in »)  at 
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Appendix  F:  Customer  Satisfaction  Survey 


Overall  System  Performance 

The  Nanosolar  demonstration  solar  power  plant  successfully  met  objectives  through 
its  first  year  of  operation,  namely  that  DoD  military  installations  throughout  the  U.S. 
can  benefit  from  competitive  electricity  costs  through  on-site,  distributed  solar 

1  generation. 

System  Economics  (LCOE)  of  $3.2/W  solar  power  plant  cost  (llc/kWh  real  dollar 

2  LCOE)  was  achieved 

3  Reliability  /  Uptime  of  the  l.OMW  Camp  Roberts  solar  system  met  expectations 

Photovoltaic  Peak  Capacity  (Power  Delivered)  matched  estimates  with  less  than  or 

4  equal  to  3%  degradation  of  power  peak  delivered,  normalized  for  STC. 

5  Site  maintenance  during  the  first  year  of  operations  met  expectations 

If  you  have  other  overall  system  performance  feedback,  please  enter  in  the 

6  Comments  section 

Design  &  Development  Phase 

7  Facility/Site  Selection,  permitting,  and  regulations  compliance  met  expectations 

System  design,  including  panels,  inverters,  racking,  cabling,  and  other  Balance  of 

8  System  (BOS)  components  met  expectations 

The  web-based  performance  monitoring  system  with  security  to  measure  and 
analyze  system  performance  at  15-minute  increments  and  help  calculate  the  LCOE, 

9  along  with  video  of  he  installation  met  expectations 

The  project  published  standard  designs  for  the  DoD  for  IMW,  3MW  and  5MW 

10  distributed  generation,  solar  power  plants  to  expected  levels  of  thoroughness 

Appropriate  design  reviews  and  phase  checkpoint  meetings  were  conducted,  and 

11  stakeholder  input  considered  in  future  iterations  of  the  project  design 

If  you  have  other  comments,  suggestions,  or  improvements  regarding  what  should 
be  done  on  future  projects  during  the  Design  &  Development  Phase,  please  enter  in 

12  the  Comments  section 

Project  Construction  Phase 

13  Site  preparation  and  layout  activities  met  expectations 

Ordering,  delivery,  and  installation  of  modules,  racking,  inverters  and  other  project 
materials  was  timely,  met  schedule  requirements,  and  was  installed  in  a  quality 

14  fashion 
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Pre-system  energizing  testing  and  calibration  occurred  in  a  thorough  fashion, 

15  eliminating  power  plant  start-up  problems 

Interface  with  PG&E,  City,  and  other  regulatory  agencies  was  handled  in  a  thorough, 

16  efficient,  compliant  fashion 

17  Post-construction,  the  site  was  left  in  a  clean  state 

Sufficient  Construction  progress  reviews  occurred,  and  feedback  incorporated  into 

18  the  project 

19  Construction  phase  work  was  completed  in  a  safe,  compliant  fashion 

If  you  have  other  comments,  suggestions,  or  improvements  regarding  what  should 
be  done  on  future  projects  during  the  Project  Construction  Phase,  please  enter  in  the 

20  Comments  section 

Operations  &  Maintenance 

Maintenance  and  testing  of  power  distribution  equipment,  visual  inspections  and 

21  module  replacement  if  needed  has  occurred  on  a  timely  basis 

Spare  components,  inverter  parts,  extra  fuses,  specialized  tools  &  equipment  is 

22  available  as  needed 

23  Daily  monitoring,  reporting,  administration  and  hosting  is  working  to  expectation 

24  Vegetation  control,  grounds  maintenance,  and  panel  washing  occurs  as  needed 

If  you  have  other  comments,  suggestions,  or  improvements  regarding  what  should 
be  done  on  future  projects  during  the  Project  Construction  Phase,  please  enter  in  the 

25  Comments  section 

Other 

If  you  have  other  comments,  suggestions,  or  improvements  regarding  what  should 

26  be  done  on  future  projects,  please  enter  in  the  Comments  section 
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Appendix  G:  PG&E  Net  Metering  Statement 


( 


Pscific  Gas  and 
ihclric  Company 


PACinC  GAS  AND  ELECTRIC  CO^fPANY 
NET  ENERGY  METERING  ELECTRIC  STATEMENT 
THIS  IS  Nnr  A  BILL 

Service  Datfti:  Aupitt  15,10 U  to  September  16J0I2 
I  Tnie-up  period  fmm  May  2012  to  Apr  2013  | 


CAUFORNIA  NATIONAL  GUARD 
HWY  101 

PASO  ROBLES.  CA.  93446 


Rale  Schedule:  E20P/NEMEXPM 
Account  ID:  I772622I18 
Service  ID:  1772622005 


PAGE  I 


CLllRENT  MONTH'S  NON-ENERGY  CHARGE:  ^ 

•This  anuum  Is  reflated  on  your  r^ular  monthly  blue  hill  and  includes  the 

Transmissioii  $4,727.19,  Distribution  $14,994.77  and  Generation 


«2.77M6* 


CURRENT  MONTH'S  ENERGY  CHARGE: 
TOTAL  CHARGE; 


$29,998.07 


~  ^  .  *62.776.93 

To  daemtaie  the  tool  amount  you  must  pay  this  month,  please  add  Cumulative  Energy 
Cbanses  of  $1 16.I2.$.I4  to  the  ^otal  Amount  I>uc*  appe^ug  on  your  Uuc  Mil  sUlemcnt. 
Flnue  piay  this  tMal  anuHini  instead  of  the  Total  Amount  Due"  on  \  »»r  Wue  bills.  Your 
'Total  Aatoum  Due"  mav  be  mttaiivc. 


ENERGY  CHARGES/CREDITS  '  ^ 

Current  Month  Energy  Charge  or  Credit  (-) 

Cuniulacivc  Energy  Charges  or  Credits  (-)  for  the  cunent  trucHip  period: 

This  Cumulative  Energy  Charge  dors  not  rcncci  any  payment  you  may  have  trade. 

Arty  credits  yon  may  have  accumutaicd  for  net  generation  will  be  used  to  off-set 
any  fiiiurc  energy  charges  within  the  current  tfue-n>  petkid. 


$29,998.07 

*116,125.14 


CUaSEST  MON'TU  MinT.a  INFOILMAIION: 


CHAKNEl 

ID 

MFTTJl 

EADGR 

HIKK 

ItEAD 

DATE 

ntpRENT 

READ 

DATE 

HUUR 

REIAD 

TIMt 

CURRENT 

READ 

TIME 

USAGE 

awH> 

BJUIMA 

aiuMc 

M097e« 

M0(P6K 

0Ka5/U 

oa^is/12 

W.M6.12 

24:00 

2400 

24<Nl 

2400 

373. »2S 
-10.172 

TOTAL 

M5.75t 

CtRIIKNT  MOWre  llKV.tH  INFORMATIONt 


CHANNEL  ID 

METER 

RAlXtE 

PKJDR 

READ 

PATE 

CirRRENT 

KKAD 

DATE 

USACt 

(RkVAH) 

BUtMt 

MIWTOI 

OS  13/12 

135,121 

TOT.M. 

— nstiir 

riHRENT  MON'm  TOU  DCMAMI-. 


SEASON 

lUi. 

PEiUUD 

DLMAND 

IDNVTANT 

MAXIMUM 

DEMAND 

Summer 

IVrIc 

1»0 

1.209 

Summor 

Run 

IRQ 

],<t2S 

Summef 

Off 

m 

H46 

For  inquiries  about  ysmr  Net  Energy  Metering  bill,  please  contact  the  Solar  Customer  Service  Center  at  1-877-743-41 12 
For  all  other  inquiries,  please  call  1-800-743-3000. 


Date  Billed.  09/20/12 

Billa:  R4GI 


Billing  Point  ID:  800008  9084 
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PacHic  Gas  and 
Bactric  Company 


PACIFIC  GAS  AND  FXECTRIC  COMPANY 
NET  ENERGY  METERING  ELECTRIC  STATEMENT 
THIS  IS  NOT  A  BILL 

Service  nale^:  AiieiM  15,2012  l«  Seplembtr  16,2012 
I  Troe-np  period  from  May  2012  lo  Apr  2015  | 


CALIFORNIA  NATIONAL  GUARD 
HWY  101 

PASO  ROBLES.  CA  93446 


PAGE  2 


Raie  Schedule:  [UOP/NKMEXPM 
AccounilD:  1772622118 
Service  ID:  1772622005 


ENERtiV  TR<T.-IIP  HI.TnmY: 


BUI  rN(i 

MONTH 

BIILTO 

OATfe 

SUMMhR 

OS 

SirMMIH 

PAirr 

(IFF 

WINTFR 

PART 

UirOER 

OFF 

TOTAL 

HNIRGY 

ENERGY 

CHARGES 

CREDITS 

SEP  201] 
AUC  2012 
JUL2UI2 

nJN20l2 

MAY  2012 

00/I6>I2 

a«/l3t<l2 

U7/I7n2 

l»n7J12 

1)5/17112 

55.745 
01, M7 
<2,767 
15.213 
46.8<M 

73.634 

St.860 

66.590 

42.407 

4Si.«W 

236.355 

240,369 

21»,563 

188.655 

121.173 

70.154 

97.154 

365.7M 

383.916 

314.733 

246.345 

3R5.2a3 

129.991197 
531.742.63 
525.674.89 
519.038  W 
S9.47I  >6 

TOTALS 

5116,125.14 

’■Miergv  cia^tv^MRi  (0  incMe  «ll  energy  tcliBcd  Miragnu  and  UM» 
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Appendix  H:  LCOE  Calculation  Details 


Present  value  of  Operations  and  Maintenance,  Camp  Roberts 

O&M  Cost  /  Year  for  Life  of  Camp  Roberts 


Year 

O&M  Cost 

Year 

O&M  Cost 

Year 

O&M  Cost 

1 

$  28,000.00 

11 

$  37,629.66 

$  21.00 

$  50,571.11 

2 

$  28,840.00 

12 

$  38,758.55 

$  22.00 

$  52,088.25 

3 

$  29,705.20 

13 

$  39,921.30 

$  23.00 

$  53,650.90 

4 

$  30,596.36 

14 

$  41,118.94 

$  24.00 

$  55,260.42 

5 

$  31,514.25 

15 

$  42,352.51 

$  25.00 

$  56,918.23 

6 

$  32,459.67 

16 

$  43,623.09 

Total 

$  1,020,859.40 

7 

$  33,433.46 

17 

$  44,931.78 

Average 

$  40,834.38 

8 

$  34,436.47 

18 

$  46,279.73 

9 

$  35,469.56 

19 

$  47,668.13 

10 

$  36,533.65 

20 

$  49,098.17 

Real  Discount  Rate  Calculation 


Assumed  Inflation  Rate 

2.00% 

Calculated  Real  Discount  Rate 

0.98% 

Fischer  Equation 

Real  Discount  Rate  = 

=  r  =  [(l+i)/l+E(l)]-l 

where 

i  =  Nominal  Interest  Rate 

E(l)  =  Inflation  Rate 

O&M  Net  Present  Value  Calculation 


Nominal  NPV 

Real  NPV 

Net  Present  Values 

''$  700,000.00 

’"$  896,848.39 
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Energy  Production  Calculation 

Energy  Per  Year,  Calculated 


Year 

MWh 

KWh 

Year 

MWh 

KWh 

Year 

MWh 

KWh 

1 

1650 

1650000 

11 

1523 

1522652 

21 

1405.133 

1405133 

2 

1637 

1636800 

12 

1510 

1510471 

22 

1393.892 

1393892 

3 

1624 

1623706 

13 

1498 

1498387 

23 

1382.741 

1382741 

4 

1611 

1610716 

14 

1486 

1486400 

24 

1371.679 

1371679 

5 

1598 

1597830 

15 

1475 

1474509 

25 

1360.705 

1360705 

6 

1585 

1585048 

16 

1463 

1462713 

Total 

37522.54 

37522543 

7 

1572 

1572367 

17 

1451 

1451011 

Average 

1500.902 

1500902 

8 

1560 

1559788 

18 

1439 

1439403 

9 

1547 

1547310 

19 

1428 

1427888 

10 

1535 

1534931 

20 

1416 

1416465 

Assumptions 

•  Linear  degradation  0.8%  per  annum,  for  a  total  life-of-project  degradation  of  20%. 


LCOE  Calculation 


Nominal  Int  Rate  O&M  Cost 

$  700,000.00 

Real  Int  Rate  O&M  Cost 

$  896,848.39 

Project  Cost,  No  Tax  Credit 

$  3,430,000.00 

Tax  Credit 

30% 

Project  Cost,  Tax  Credit 

$  2,401,000.00 

Energy  Produced 

37522543 

LCOE  No  Tax  Credit,  Nominal  Interest  Rate  on  O&M 

$0.1101 

LCOE  No  Tax  Credit,  Real  Interest  Rate  on  O&M 

$0.1153 

LCOE  Tax  Credit,  Nominal  Interest  Rate  on  O&M 

$0.0826 

LCOE  Tax  Credit,  Real  Interest  Rate  on  O&M 

$0.0879 

The  following  assumptions  and  data  were  utilized  for  computations; 

•  AO  (Annual  O&M);  $28,000  for  year  1,  increasing  3%  per  annum  for  the  life  of  the  plant 

•  RV  (Residual  Value):  $0.  Plant  assumed  to  have  no  value  at  the  end  of  its  life 

•  N  (Plant  Life)=  25  Years 

•  DR  (Discount  Rate): 

o  i  (Nominal)  3% 

o  r  (Real):  0.98%  (Calculated  via  the  Fischer  equation,  see  section  5.4) 

•  E(I)  (Inflation  Rate);  2%  (Per  U.S.  government  stated  target  rate  for  inflation) 

•  Project  Cost  =  $3,430,000 

o  With  30%  Investment  Tax  Credit:  $2,401,000 
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Appendix  I:  PG&E  Form  79-974  "Generating  Facility  Interconnection  Application" 


J'cW:  Uu  j 
iijHi  ^rjHi  lac 


l^jriiiiTU 


i'll 


i4fv;iiaJ 

:4(v:ual 


/"j-  Shm^.-na 


IdLifjiJ-t 


ELECTRIC  SAVPLE  F-^RV  M 
G  =  N=  RAT  N G  =  AG  _  lY  NT=  RGU  NN  =CT  G  N  A=  =  _  -irAT  G  N 
=GR  EJ(.=’3Rr  GR  CERIA  N  NET  ENERldY  PETERED  GENERA1 

_  T  e:;  ■:=  etwe  e  n  lo  -lwan  d  i  000  -twi 


P  RdC'rlo  A1U:  hc-d 
ham 


f^Ucmij^tr.Xa.  -U  ni-t 

iiMt*  {-mii 

Aui:.i:  Ji  ^aiJ 

^OKini^a 

Itei 

ttadTfm 

.■tauUkin  twi 

AuitjJ  ^DIJ 

lU  r 
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III'  mri 

ft  Cei77|j  j  iTy 


GEMERATIWG  FACILITY  IHTERCOMNECTION 
APPLJCATION  FOR  NON -EXPORT  OR  CERTAIN 
NET  ENERGY  METERED  GENERATING 
FACILfTIES  (B&tw6€;n  M  KW  and  i.Hm  KVQ 


A,  rtrr*r^*^'  "ft*  "iri— Tij  1*11*1  >■!  I  iiBi  I  III  'n  llirti  I  'ni  rt  ifh  Milii  ni|M  iIb  mil  imiilim  I  ■  I  i  ii 
CiTCfl  S'  ZMtat  M  Cwcti  Ub»^  ^mriia  rnty  tWHT  3!  ^  nd  HU  t:  P*a(fc  jnd  DsdiiE.  Svr^uvii 
||iaiJri3Bti«>i:^Mn|Mr'M3i-««CitbiruPiMtUt!lfea=£nirvHHi<!CPJQh>i|UBdd«-|  nrtrt:  PSAfi 
niA  Ii  -t-lawrrtaitaii^uJk  ivqiJramrn  b-  b«tu«ndr4  m  CifUa^  tatm  wd  k' 

E^iankw  dUt^  rtib  Ivh  tu  ur*  -r»inr$i  u  iMtud  ki  ^  nl  Ftb  1. 

Cru^M  rnadn  ha  #b  F^  tA'.Hd'bf  Gannliig  fn#/ ta-bii  e^hdic  by,  srlr  b 

Ci^Dnr  jnli3'  ^uisr  la  uiiwTwk  a*  lan  pwi  ail  :l  b  Jug  wgif  m^imnn  IhEHib-jJuM*  ia  pr»iM 
^  PGlE^Hfdsirj  Ebcfiiid  pHrwnfcn  Bc^rwbof.  b»baf  ^  Bnctf  gwnnr,  ind  b«^i  MaCngv 

IMmd  Stwmici  Ctdiw  ar^tar,  burb- bin  h  ik  XEdbh  ken  POIE  b- Hk  Eiwb' Uibrlry  Qbarmn  Ain 
Lbi-ftni'H'iUyirid[3»d]iE.SwwH>v:i:E«kBiitaHidwilliiV,:F«nmi'lihl[L  Hb  bmb  jvaJkbi  cn  »^rAvb*b 
m.ia-LbiT.  EiKrwi  B^Hife^GvnrblnQ  IbTi  BCU'k  Tib  liiii  iii  S^Mnn  ra 

HwksE'jn  klnEfin«wi.iM?Mnri  Ain  POIE.  ;airb  :1  tb  J^fffcban  tM  d  iMd  I:  b«-afqiadB  ii^bV 
POIE^  rcE>!-*fdrwm  b-  hi  UaHJCviBb?^  F’ab}  h  i^iaEU  k  tb  0>fcra  h>>lki  Hd  QbWrOiib 

:;«dor  1  HEKiM. 

"TTb  .kf^fcnDn  n^i  tJ  b*i.—dtB  jnJyb  kvufwadrv  ■iKlkw.BHlibpalkaiHata  kmruoiBn  ■! 

a  hpaior  d  iIh  ■!■  Ii  i  il  ai^l  cf  Eia  Shwhvv  E^taHticb  ■dwtbdbfl'  h  Cilbm  kid^mkri  BfHiT  ^Hbr 
LudiTTiTiaamn^  b*H^^-bitH|iriHUa-  dkii  rabb  Emoic  bcbiriairOmrli^r  ITCIIC'i  nd  n^n  ■ 
siVbiiit  jpd=Hui.iYiliti«  kHU  POIE. 

"rTbJU^fcbDn  h  rb  iHAtbib-b  kunma  nlo-  Mua  iFbad  tv  jh*  OxTV  Rhmw  Soraambfund  Cavbvnwi 
Socwimbfii^n  a  in  CRjC.  Pbaaa  EaiHadw  snd:^  aauMki-aa^advi  uMbdai 

lAWAEi  i-a-m  mil  -j  m  H«i»aw.jimaml 

DiiariHa.aK]  Uei  ItF  kiwconraetai^  TTv  mb  ba-iaiptabdjrb  ml:  PSIE  anv  Ain  Imaddlbml 

H  mini  II  III  aiHlIii  TbI  I  la  h  i  ~lid  all  III  la  rtira  I  iaii  iiia  Ii  ih  iii  ill  llai  1 1  i|i  m  ’kaia  ly  rHb|i  'Mw 
PH  Rida  li,  ■  im-ntcuiM  UDC  ikHccfaadEr  HH^aa-ba  iihb  ti  knbEad  njmKba  paii  .^ppfcuk. 
Pmajib  9^ra  Rtb  £1,  iBnrra/  bi  hUeihJ bidy and  sIh-iihb;  laa  PGIE*!  Rib  31.  Unara  E.£c  Bid  E  3.  -bi  nm 
abmatoi  la^BibK:  nnarwiadHi  di  ^mnwE  scU'i  3bbani  Sibbi 

HbdacuMl  Ib-b#/  V  AfpIbHbn  J^ui  Eupmu  dtb  OmBix  l^iha  bgu  uIpnpHi  hi  raBumdbr 
^dBnm-bBaoba  Rratui  #a  larlribd  Hi  b  raamblB  b-ta  Omwlrq  ric>V  POIE  rEBvaH&  laqiJnian 
ka^aanr  anl  Bad-y  ^I  lHOBwbr^  Tad^  nl  mbba  crarv  rakaij  kbruirwaoni  ^adtaafBfa-'bdiwq  tia  Piukur 
atIbi  Kmataasiia  spBB  ki  pialiJ.  AiaiEieitiiE  PBbW  mq'ba-dHTjafaji.HvdiTiq'  mab  ki  k4uf  m 

panofH  nib  nay-iHiiadBri^la  upi^nwxiBTdta-'  pnicBTty  hrviildi  ■  Prakfa^'iaEnarnaii  bi  li^! 

PWiaino^  aiaraiifiHbi  nnlmba  ■offHHl.  Hilb'  ntafijm  aib  mad  e  ba  knmilalli  a 
i^giamy  asa^^mi  hoi  u  kia  U-  ^bIv  kbiHQ«nHd  DBBlDiiand  koal  pchmriTai!»J  hidkliEi  Bid  |lBrnn(i-:Hi!iTbH«a 
paa  ki  spaompa  jEnaoitv  ^^Caai.£^o«^BEnE  -^afwli  k  pad!  >:aa  ra  udb^  tia  mad  t<  Hi.kppfcarkla 

HqiBa  Bjch-dai  ■p^'T^iah 


B.  Haabal '^loaTaiTa:  Eadidia  bfawkg  ritasaraib  imiHunji  i^  M*wT*mri  i*m  ■iM^B-»a/»i  -uJ  h» 
pnaaaad  Knkfi  mK-:ud9n  ta  aaapbd  angBaaf?^  onbra  i’e  mb  bailaffeb,  Elninnk  dua-aibam 
pnbiad 


1.  ^  lljja  In  il  lakij  I’l  wnj  Hia  ib  iikb  iiM  bI|i  ii  I  liii  il|ii  la  i  rin  ajul  ail  ibiiili  il  i  iii|i  iiaili  ai  li  ii 

iH  p«naiv  Bdavair.  ■aonbiv  BAb^itmrd  pmacen  mbran  ^mBHon,  9ol  iTiabn.  iwti-^HibT^ 
i"ra(caa.  'if  hIhi  nlarlidlH  laidom  s'!  tH>LanaibriS  iH'liManari  kada  and  hatnnaBiador  mBi 

PGIE*!  Cbibann  Paaaa  luadabcbbr  cf  il  rv^iad  ib  jawbcf  Btadh-xapik  ir^nij  ud  Ita  AjC. 

iranal  =pBbH  ibaamad  Hfb'  BrntHabib  ha-JiBbib.  adar  nqilid 

?.  T  il  liaa  BI  I  ila.iam'  i  _  I’a  |f  |  rl  il  laaik  ia1l|  f  I' a  ■!_  I  ■!  ila  1  11  ii  ]  ll■l■n  i  fill  ~ihibh. 

fic^  aahaa  ^wbin  kHwkfrm,  nraiy  laIrbaiayiafrVBY  mbHirar.  Bid  zmrJpamJa  kia  Ci^Baar^ 

lull  HE  la  kwQHwabn  Mil  S4ira  CkETti^lBi  E^nai  Paaiaialwla  kubn  d  al  laqiJmdnEijBanm 
■bark  u^uiTHbniiand  kia  hE  mmb-»BEad  sKHraa  abdi  ar  Ita  tb  pbm  wanr^lad 

1.  PlmblifTmiam  laBdmtrHi^mad  Ilia  ^Klivbl- PSbE'i  3bt>a»  SybBTi.  pbaai  pi»b 

bnahma'  mnaptam  krtaTTmlan  nmqaa;  zaoKiv  MnAfiarrmf^arafb  Befwaabm  mrfaitaaa 

4.  I'll  I  aiiti  iBk  II  II  a  iiiiia  bianliii  iiih  iinail  fa  ~j  iiiiiiij  ra  Ba  bfl  TTbr  Hi  li'ii  ii  Ibii  1. 1  baaa 
pmUi  aon^ommdBicciibfa,  aapKlv  and  i  ImioJ  aa  iij'  iiii  si  hH  kia  nfrtrioiBTa  a  EbndadiEi 


^.  l'|i  b  III  I  iiiliii  II 1 1  ai  I  k  iiiilfiiibi  ii  ■  iiii  .  1 1 1  I  b  1 1  ■  li  ii  liajiii  ■  i  biiiiiaii  |  li  ■  ki^a  lil  iij 
PbavMBq  HE  -aHnabm,  pqfuad  aairipi  and  ■  ibBalpDiar  dlvvla  prsMddi  adiaiH  b  iiEHEad  I: 
hai^^Dn 


i^iKirbid  Coaaran.  PibkrinBr>  IS'^m 

'  ram  Me  TS-STI 

ddaca  iZro-E 


_L 


itJJ.  \^±  ±  J.VC-£/i^l  I 


.J  ^ 


±  ^u!  iA\A^i  y  ^yji'T 


t. 


nP«Y/i  a  Cif  ^ITTI^ 
fAtCl^  CciTY"  " 


GENERATING  FACILirr  IHTERCOMNECTION 
AP PLICATION  FOR  NON-EXPORT  OR  CERTAIN 
NET  ENERGY  METERED  GENERATING 


 FACILrriES  fBetwe€o  30  KW  and  I.OCKi  KW} 

A  rorr-vtndafctf  IKX!  hito'cofnalai  nal  bfeln^Bd.vid  ivqufM.  Mw  4'piaUf  parHiA  3rl 


C.  i^pfAollan  kiibrjctnu'  Ittt  ud  HviTttnr^Br  kK  POEE'i  km  ■'potC 

naaicnnk  pnfinng  d  rivnaoHund  idBiW  bikn  >Atn;  Itv  Bf*a  mribakn  iTIa-xdln  Mt-OBiud'^SBicHibii  iMid 

d 

tt^.ww^qa  aarrvTTTfci— Mfca^tiaiiiiy^a^ienp^jl^^KiaMCT^— rnlMlttdi^p»»<MfcftBwr^Mr.d2V 


EiiHkn  -ururrdrq  POOCik  Dr^aAf^binn  fnaam  ur  bA-dn^d-bfa  Imnrwamn  C*pa-XBri  ri 


l:-»|-T.-a-|1TCT7 


PC3&::  deck  •DTc: 

D  Fist  Track  PfDCESS. 

□  [?eal«d3tLJ!4i:n(ilt^ptca;i 

»  m]kie-*t^9'an  kiilepenclak3£LJ£^Pnic»s.  DsrtidDnGRXfiSbif^RiicEs^^or 

Transmsscfi  Cl>iEi‘9'  Srtud^  Ftkess.  iJcpe^iar  i^kt  biK  hcEMrderce-  Tests 


A.  Cuctunw  Els^trlo  AwnTrl  kilDrmdkHi  ff/nMikMc  se^da  wlJ  tie  i^e^nentna  Facil^'  be 
I'tE-fEDnmced'RrparalsJ'SperaiDnwB'.  FCIE?  Fcr  eofTE'^tedeeflTtc  KDCirvs  imtc^EheiC-,  Atlir 


DperabiDrs  Druvi  PfcMde  the  [rE~arv  and  al  3CSDcUed  accouTtV'TKter  ntbrniEfri;. 

Item  itom  Bfi  lavEa  Ecuri 

CkiAk  Sw4:>i.i^ynwnEE  !□ 
nc^ar 

DmdiK  huriar 

CiaAxivrt^xK  HKuf  .irnd.iaa'i  Jacidnnn  idtt'bil  hoomi 


Meet  Lacsun  3tHt  .'^uatrss 


Ctj 


State 


Up 


l.-l  UTT^H- 


a: 


E 


be 


'TT 


Ef  Ebjbv  P’HMft'krCqHrfe;^  ^Hanirv  fnl 
IfmwiJji  BTJad  Fcm  ?P-‘  ‘-g. _ 

^^ifirdid  CDOMTan,  PMirdmr^  Sbrm 


■3iii|didda  3i  OuanSrq  rnBy 


- mr 

rsm  Lki 
^itHiu  Cm-C 
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Ill  GiEME  RAT1KG  FACILITY  INTERCO  MN  ECTION 

^  APPLICATION  FOR  NON-EXPORT  OR  CERTAIN 
NET  ENERGY  METERED  GENERATING 
 FACILITIES  [Betw6€in  30  KW  and  1.0QO  KW] 

PhKt  Dtiecli  thd  apgl^': 

D  Arcii  Gsrcraiifgl^lly  rbcirirwiiUQr  ;dan  ££!l^  semx'V 

D  C'angK  hi  -91  rteran'KiitEd  FadIHy’jritn  pmkAS,  apHW^  by  PG&E 

laddrtg  PV>9^«l  chan^is  b'AftefsftLitibn  ir  diargbi]  oad  antaar'Dpr^saris). 

□  AUAlma^smectofi  n'3rtiF^3D<i«tf>9rewsentc£ 

■  At  Applhtfon  rorS4n1»iTiiElbe  arTi:4etE>l  AacUoTia  fKiray  tKnqsJndrr  siserjnc* 
ir  he-  Difc'eMrT  b-  nquArd  >]n  aczudaxs-'^Hi  POAE  Etei^c  RiJes  IE  ard  1EX  Plea&e 
cmac  PQ£E  1  ^-BCE-PQE-5D0a 

□  At  liTEic>aifKct4mLi>def 

■  C^ifcrvs  fa'  nei^>aifi«=<rT  iMtra  an-  staved  arvlef  Dhd:  .Astss;  tqr  an  Beetle 

&er«t  Frovliler  iE3P1  rurt  oa-tad  Hief  ESP  -ircttii  Ir  IrTtar-doni  legarst^  tie  oqconE 
aTi'aktie  iruider  he^  Dtect  Aces  c<a~trai± 

D  At  liTErc>aifKct4Hi  Liicler  Cinirirtly-Dhc4os  /CGretplon  Series  itCASaYtce;!. 

■  C^stT''eraaa!^S'(dlrTBT:-ained«i  wlia  xester^  Lr>ar  □on'JTUtl^GtHKS'AnTgallDfi 

rCCA  SenfCE;  kv  a  C^fTTriril;;'  Gtn4cE  .■^'e^ata  ithsI  oartact  hdr  -DCA 
dreflly fa*  irfarr-stcrT  le^pdiq  Hie  opetrQ  avaltabe  iFot"|-iiet'  CCA  Ssrilot  Rn^ar-. 

D  At  btenameiled '>ai-eiiKr3rigQenerdh£  FUl^voaclawav^eicceefls  Dereraarii. 

CudDmar  B4(itrk!i  teotHrt  Cortaot  InrormOtliHi 


B.1.  'All  Hie  Gaeralng  FadHybie  Dwred  bv  ai  iHviti  pal^  •sHier'i'an  Hie  rame  aoceaTg  on  'Hk-  PG-i£ 
ster/ce  acDsanl  h  A.  abo-ye  "^steflije  dTedcH? _ Ye*  Mo 


iUEir^H  bciMnrt,  PT*«r<rf^  A 


- THTT 

Ma  Hi-Se  i 
>dva>IZTq-E 
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ftwy-fif  tTif  mm 

CiHTTfl 


GEMERATIHG  FACILITY  IMTERCOMNECTION 
APPLICATION  FOR  NONI-EXPORT  OR  CERTAIN 
NET  ENERGY  METERED  GENERATING 
FACILITIES  [Between  30  KW  and  1,0 OKi  KW\ 


C.l.  CudimHir-OerHrBtlng  Ru^Rji' kTtorofinnaabon  Apwrnert  (QRAJ  iQT  Cucfainier  Qwiflf3t]c3n 
A(FH(Tienl  |COAJ  (Tor  3^  P3it>' a4fHntor  on  PreiriEM)  Inlormabon  iRcxiflolentlVtlKpartirlniA'mi 
EsiajtttKa(E4k3btea(rKrier^>  b  not  sppIcatH  b  Md  E'Kf^' htdcIniE  ShEMl  >S:o(3rt5 
PQ£E  and  ttie  {XObomcf.  not  Hk  r7rV  F  aTj*.  n'lBt  9-tar  rrb  Hk  r4st  Enaijv  Mdaing 
IrTHO-oo'eotoii  .^u«r'ert. 


Conp^  rjame  b  be  9-tarec  on  GPlVDCkA 

Lefia(  Tbe  of  Hosii  Faclty  b  be  H-te^  m 
GFIVCQ^ 

Porton  £j»outina  Hh-  QRA.CQA 

IMear  Parton  EMaudna  bw  0FUVCQA 

Ualbia  AdibKG 

PItpotw 

E-Hd 

C:E.  l^rty  Cwnor-QRAInlDrTTiabDn  ;F^3S£|i:laitfVt^P9ty,rrieiown,ttitaiM  leKaJEttie 
QRjHJ.  5<tl]i0r  1  not  ^los(e  Id  Nd  B-eib'  Metart^g  fNEM;  beoa^ce  PQdE  9^  die 

CistnnF,  notitie  3"  Prtj  fmy.  nHE(  arlsr  ^rt  Ine  MerS  BneiEV  Metot-is  MKfDifinecJDn  .S^wmerL 


CoTTMTv  Nanc  lo  be  efitHeoio!  OFlA'CaA 


Lcgd  Ttle  of  'b  be  encied  or 

QFW€QA 


ntla  gf  Ppmai  EMPubim  Of  lA 


Parean  EaBoJUno  tlw  OFLA. 


Maimo  AdjbPK 


PtBfW 


E-Hd 


□.  OiwFtttiio  13019  CiV^td  rt-^F  a  tbb  aa-gtang  =adlt!i' entpectal  b  beji  operator?' 


E.  EBBtdJon  D^'  line  data  (he  g!*B-  of  bib  .^oot  cJlor  b  'dume^  b  ‘^MbKiaWiTf  ay  P-gJE?: 


■■  TlHlntbrndlonEiMifnlttad  lnUiteAp(s(khibonwfl  rwriBlnaottwandiralil  DonclEbHitwtTi 
the  bmeInK  Lpsotlleol  h  Rtat  ±11. 


4mr^>d  CcoiTBn  S^nmn  A 


- mr 

r^m  Ma  ib-904 
Mvu  >CZTC-C 
Z>13' 
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/VcvriiT  fip  imrif 


GEME  RATING  FACILITT  IMTERCOMNECTION 
APPLICATION  FOR  NON-EXPORT  OR  CERTAIN 
NET  ENERGY  METERED  GENERATING 
FACILITIES  [Between  30  KW  and  1.00-D  KVf\ 


A. 


Inrinmviii  jnd  H-=w 

ksntm'UNirq  tdoi  Bfootw 

1.  Pj,aJ»;0!3>i3GBfr  Tha  fiatlf  Mlo^natwwd  Ku  Efoin  k  panU^’dd'  DUTtMicn  Syriun'tornsn 

hm  i'1 1  M  ml 

3*.  Iiodw'rtan  CquitUmCrar^r^  hdl^  t^ncivwainj-Bir^  (iiwttv.nEtf*3iH^  inri  mnoaanel  apcfi  zt 
pnw  far  ■  ikMvfan  is^Bocr^iK  (I]  M~iTrT  tmJ  fawvdw  ■•oondA  Tlv  up«dH  IvpwEy  il  7rwdvw1«i 

upotT  sooimcju  detfa  tM  fau  iHiK  Efia«TKUup<r  jH-^urfMfbj  ruofaim.  IBidiibil  nqiarvnuuiAid 

s^Mncr^  irTMom  ui  saufaadti  !l*»n  U, 


Ii.  Ill  iiMi  iMj  Ti  wl  II  ]lf  j  TIbi  Ti  ■  Ji  i_  ~m  BftnlUii  mifci  ml  |  w  iiii  ■ 'i  ■  ll■^■  i  iiiiiliJT  I  ■■■  till 

Dvlh^  OyMr  b-  ■  linfai  ?l  an  (11  iKEnl-r  kw  IwaiQl-  fanlViiw(3iB  -r-pMibrj  ^urw  bkHu^ 
ud  irii^BBrK  fai  UEti-ip«bor 

4.  LinH^^DHTtcn  TT«  ba  lieW»f  vd  pnww  ryambaGDir*^  ■’^■vcDi'ndid  i#i  P3ICk 

tanfaunn  So^hh:  bu^j  ~mkf  ir^h  iT  Acbara  j^aclhsllv d hIji ad  Jiid  H^laud  bab  Efamn 


rpa  imar  ■  Bparaj'v  mfa'^aiD'  ^  'iBidri-iiHr^er iLcf  hi  — * - ' - t — krAa  ^nuFlria 

ruAy  111  ■!!  II  l■^  1 1.  I  iiip^  ■iiiiMit  nil  iiii  j  iht,iii  ■  ail  iIiibi  ^  iijiliiiiit  h,m  i^iiIji  i  ii  Iihi  wli^^  i1  jl  wl 
bi  >a»d  E  [Usd  faM  j  jUmial  antan  cn  '*  Mitufan  IjHHn 

rtfa  imar  ■  epanfap  mh-^dBr  2  arl^  ‘Tanabrypaili  cfawtaf'-r  'imdHnri  upai1,''-i*f -TM^sn  ^  1  jnl  r^if 
ta  hR  Kjni  ^iBdEn  ^  C  !-■  ■  he  d-ij^PmcVriHd  bi  nwnc  Baui,  b«vw,-fai>f^  uko^ 
hbrnisiai  hdidlrq  ikfnrB  jnd  Mioin  aaKi^nm  ii  i  Ikt  wkaiT  kIkh  M  id  bi  i>>d  la  kid  bn 

paiPkJ-vw^or  paricd  B  EfaiBccid  Eri>a  Pimm  ifar  rta-rlhi  l»la-hni  t  rmitii  •fadn  mri  'iirkrkrhki  ad  Hi  rt» 
SvwBkv  '^lodYilsiid  hiinnta  neI'  EribHana-aaiii^B  tm  lankkrir  Bmiaficrd  crtBii 

nwv  ■  cpBBfeip  rnh'^kbiT  4,  'koibd  apau^'  ci^  qudavJI,  E,  jnJ  Pof  tfa  Pie’V  Hd  ipml  !■  D  P  jnd 
^  d  hri  Vraod  la  mH»d  b  wtwt  luwa  b  idiqiKi « ifai ii biv  biakMkv  ;>;3m  Bd  wkar  ^aa^Bam 

•i^riJry  IB  kolBfev  i  ill  laij  iwHi  atidam  hB'd  baijadm|niw4ilBGvwar^  Fiidt^  bmi  efUTlry  k  iibiIiI  idi 
PCUCk  Oran. 


&. 

Rara^ta' 

OCSf^Kf} 

AixAc^ofVi 

Of^ 


f  tlK  ^isjKr  ta  Section  A  Kcve-'Jiras  rmiGE  •opdcn  1. 

a^wment  opdorw-: 

:4e9se  IfkIc^  t!K' of  ^^eefitsK  tlia  b-  be^  lequedsd 

_1  —?■  —-fl—E 

vritti  tlis  AinCcaiior.  V  OKfatt^  'mde  ludcr  2, 3-  ^4  was 

se«ctEd  pease  iltk]'  ki  ouesUcns  E  and  F. 

_e  _7 

Fi^TeemefTiofitonsZ  3,  S  7,S-,  •a'9'bttils3ecton  B 

vOtiDose  a  '3ia:-q:p|y; 

-tKoer,  :4e3se  pfDvtde  an  edlrae  ofttie  'mi1'TirT]i  hM't'ie 
aercfxng  FadtV  Is  soetlEd  Id  sexit  Id  DbtilHJlDn 

SvsfcfT.  tf  PGlfi  rtdbenn  pes  -cnatt-ie  STKiTtcf  po-w  Id  be 
scxxtEd  Is  idr  ncant  In  rdarlon  tn  ttie  cacadT!!' a^labecn  lb 
DldbrtHJlon  Byxleir,  t  nay  requed  adctcfral  InlbnridDn. 
ndidiptme  nTdef Aiy  or  seasinal  kWVAIi  esO'ms. 

uaitrirnlt^A 

i^frbtd  band,  Parta^  iL 


- raTT 

Pann  Ma  Tli-a^4 
>dHaCn-C 
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^  f fegfrrc  Cflnm  iTty 


GENERATING  FACILfTlf  IMTEHCONNECTIOM 
APPUCATION  FOR  MO  M-EXPORT  OR  CERTAIN 
MET  ENERGY  METERED  GE  ME  RATING 
FACILITIES  [Betw&en  30  kW  and  1CCK)  kW 


jjwnwii  briwWi’.  CtocM  Inn  tu  UnR^a  h|^  m  frsmrwr  spfcn' 

Cijlnjw  ^n«c  -awKi  Fgltwr 

1.  A  aHw.rtTeiPEKf  kik'^cfw^oatin  Acniimri  ItKpmtka  tar  tMJP  -^anm  s^l  I*  bti-tot  •»ar 

pmMi  taffTporlrv  psam  Mriutan  S)^b«  Uta  im-kqnl  ■enwivn  lEMnr  sou  ttovltv  HcufenJ 

■rd  i«KD«rvanmj-iTpa1’i^'«wci}i  ta  PQIE^  brti^s?  S^MTutai  tui  Ban  3  H-santa  n  suskn 

3.  *  hTfadTV^JJJJ-lVin  ■i^rjT  [TTwfcfcj  l-j  rJMmj  trfty  JTlJ 

tu  Bsutoru^  oirtiwm  TO'^LDrTvwm^K,  rnfar.  iri  H«wn'  taeHu.  lasfili  cr  Ihi  k-PUE'i  HiP  Ii  hi 
IrvHn.  CerAwa '■psclB  up-il  pTKvtiwi  f  MBOirlk  k' linlnn  Uta  altanin  bi  lanBd  ki  sonfan  Mta 
•‘JUTTMT  L 

A  Owa-a^if  PeKp  brta'QDfwaotan  Acnamri  IlKinvitaa  tar  [Bidri  Bpanfon  zl  faY' F^rt/ Bvwiad  Sflr>«±v 

racSy  lai  dc—  nel  tr^wda  ta’-npcrtr^  ■iragY'>‘  ‘GAE'k  S^iluEn  SjriHn  TIta  ic^aBTan  Emari  bi  UBOBd  ki 
■oataon  ki  a;?iBTian  4. 

4.  A  Cfjamw4«i«a4a'  .4a'MrwT;4H  iliiii  ila  raWnwv  b«»an#a  Cisnar  Muia~HiTB  ip^aan  if  oc^'k 

■kiM  aanka ascoiii.  TTta  a^iiiy  an  b«  la n»d  ki  aocinvi  ta  3 

Hfl  rnin  M—rUP  ttamtia  FadiN 

HywHh  ta  hM'^MFOanantF^i  FadB^  BirtElcam  bti  iFia-vfmiTi  Hi4  Cwgii  nmvwtg  lB.7tta.  'taining  ifiaa 
bl-JnotanaJ  Tmr  nnlkrtHFT  '^riT«ta''  inl  dic^nsi.nBd'i,  «4twi  wraiad  niiaiysa  kiitalal  ki  a  u:tal>4AE 
■czaaaiU* locFbm  wni  nruF  uuicBTfBil  by plvra,  ilnEhiaa,  kicud  yKH  -a  pa.  Wa'ta*  nl  daaafwas.nad'i 
mal  Ih  rumJrHdl  ■  jJ  bnyaa  hrY«Faate)i  and  PUri  atoitaa.  viBn  ul^.  Mdkiaulii 
umnaimBl  fsua  k  hriTBwdkiA  Fi/ajBiiTakmnjnaa  nj  aeaiwtiHia  tarp  akruP  aarTwbf  dB 

ajBEnw,  taraoanipla  pacde^,  liaaifeL  bakapn  aawtaam  taaai  anaa.'ta  nold  birdulrg  >4C1S  lantaa  pwema- 

IriFi  1 1 II  n  i  14  nj  kHk  HFt. 

knitan  iikb  acoaiB  laaiiBi?  Ptaaaa  diad  al  taa  jppdvnawkdiTBnamader  d^ea 

_ bg,  andwanrap  anaaBaraa 

_ ,LdeU  Sn 

_ SiwiPa  a  Din 

_ Qitw  sPaaBB  upteii _ 


A  hB4  Cnaf^'  Vpitamg  Pgnananl  SaPml  iMra^  ttapmaPa  tar  tBpIP  Epafwtiri  z4  lm>3a?ardirg  Fadi^;  ird 
uporkrg  nrg/  ta  PUEa  EiKtaiPai  £i^|nn  IV'OaQl  iniai  ha  Mmaa^  Mb  Em^  UawtapyarA  ptnok  ta 

Pipta:  LMI^  Cuta  Sokn  3127  hmJm  ^  and  si  atad  ■Lanark  rg  TBlttaa  cm«d>r  X  hani  i  1^  sf  a  ^Mnb4a 
rW4ii-al  AnaiaPn  rnPV'>*-l*kK  n  Ldxt^  MEPTiataadlaaaihBr  4  bIMI.  bth^  uirtalr^Br  dl4pa»  Mtij'^alidni 
d  re  nan  kmn  I  Wi  pai  aadi  appfcabP  >Cliarir  agwaTan  taaa  ngiaiBaMpfTrtP  cf  in-DparEas  anBiV 

ETpaiBd  BfiMTKBl  appiciian,  TT^  a^ar  laavalBM  ai^  ta  i^^aa  ^mviiig  rpaibaa  ai  ipftiad  bi  s^Ta  4k 
Diarg^  Uawkg  tarAi 

'b.  PhFl  DraiTj' Pgnananb'Pi^  Cal,  hd  pnvidaa-kapanid  apmnr -dlba  ^nafFPu  rntV.  niaapedrv 

mgrn  Mdnatan  Syoai  kf -aKh  law  haanrm^PGAE'i  4d  Dwp^  Uiwg  ■a’fk  - 

raeP«  TIla-^ataniaralabPErtv'B'^tPGarw^Tgraclitauaa-taftrwkiPCUCiHEllI^lufT 

T.  Hid^itaTann  ^HwadigPiittf  AgiawiKiL  dwl  poviPa  taa  ha  pudW-^ow^ai  cTEiiP^ta  SamaEKF^  EKjitatiliri 
ui  akiPfca^  cofnaod  balPv]  ha  laira  F^Pna^CcraamCu^lrv  d  PaK-na  z4  ahdi  P  aGanar^rg  TbII^  a^gtata  If 
■Kvb  inPrhCll  <F  alarappfiabta  Hk  Eraor  UMrtig  Pfft.ard  Euyiruli^  ■  Caiwnlrv  FicBr  m  pp^ia-tanKpH 
■avtaa  inPra  Hk  IrmiiK  Uatalrf  pnP 

k  Dttmr,  ptaaaa  sPacrib*  _ 


4iEir^a3  boFTark,  PTpBr4rKr>  D  atervi 


4d14 
Rim  4a  l«-5?  4 
>i±VKa  4ZTTI-C 
3313 
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jCampiTflif 


J?u  - 


GENERATIIIG  FACILmf  WTERCONNECTIOH 
APPUCATION  FOR  MOM-EXPORT  OR  CERTAIN 
MET  ENERGY  METERED  GE  ME  RATING 
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IF  d^BHk>g  ipon^H  ndua  d!  ha  diLkl_d  ^nhrr  ta  atadi  ha 

Cawdn'  M  -mia.hd,  K  ha  pmhv  irAhid  >jMd  A  Iv  ladV  ^ 
lnA4  phva  Adi  Htthnrd  lAD^rtra  iAf-i^ifi 

H 

'im  ^4- 

n  Bb  i^bwAf  d  d  i^mTvJaiFmB  Ad^  i^aa  puAA  ha  ifTAranaB 

Bb  iT^an^d^hFB.  T  I'A  h^3  it^^^fi  h.  na^B^^BY  ta  tbb  Bb  d¥F^  skod 

miilUflan  d  Bb  ^btbAf  Bid  b  -dA  In  kiiBl  In  Bid  dViattBai! 

D]>T^ilB  rradA-d  DUHdAFi  ^dBn.  H  Bb  ■^bwAf'f  Upsb 

PtBTBfd  A  L^lAf  B.  lC  hlM  IF  0BFhl,  PC±E  TBf  PH^Bd  BMhuid  All 

Id  b#lB  itirM  ha  ndua  Bid  Udiaw  ill  ha  i  Ibb  d  i  -dh  pAdon  hA 
ChaHbiAan  a^dtani 

N 

1^  UanrAn 

n  Bb  i^BiBdiF  h  d  Bi  avfcKftFi  Aap  ti'-aiJa  fH  TscItBl  mlhF 

OFTW^  vAh  B^^Md  by  Bb  iTvutKtBB  n  BA  vAb  ta  nri  hbAA  ha 

ibbAlb  vAhb  Bf^tad  ^Bh  m/^cBra  TBf  A  >jiad  Id  AA-ma  ha 
Icckad  idkF  oftbiI  j^Bii  •^wAa'a'^m  f  Aiiai|  iliA  b  l6i  Vtft 

IF  If  adB,  iR^s£.  iT^  iwfHcl  adtltaid  AA  A  bate'  mdA  ha  lAn  bmI 
balBvici  bBb  i^BiaiAB  wth  idAm  Id  h  '^Aiii  il  ii  AfaArT. 

* 

£91^  r^oACurarl 

Ha^B  hAdh  Bb  aarata^i  Cmm  Aji  >91  b^^^-A  a  Itiaa  [h»a  IbB. 

A  Bf^ii  AttA  A,  f  IF  Aitfa  ^Biardna,  |A^b  Bh 

[h^B-A-id^H  bil  OFTwiL 

Csaarwt,  Piirti:*w>  *, 


lU  d  14 
r»inM£i  in-9^4 
ataa  >[zn-c 
zyii. 
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£ir^c  Aafryuny 


GENERATIMG  FACLfTY  INTERCONNECTION 
APPLICATION  FOR  NOM-EXPORT  OR  CERTAIN 
NET  ENERGY  METERED  GENERATING 
FACIUnES  ^Between  30  kW  and  IIWO  km 


□wm  UhjHiiiallm 

IbA'vlB^ii  -Hid  ITuiiii^Hi'b 

p 

All  W 

iiimimi  it  r  llli:Av~<>4r 

h-Rirt  •2'iii  Bil! 

Dli  MU 
i:u^ 

tioiAuoia  Cr^urwl 

Bb 

^  fCs£.-a  Ri^ll .  £l«±in.l_'ik>±  bkI  L?A.  b- 

iiKjii^i. 

iHl  Ih  nmd  In. 

Pma  Hava 

hifcA  Bb  IfpB  BHl  IW  ■  Bh  p*tb  rmvB'  iw  bmts 

hr  hr  Ubm  li  i 

1  •  IrtBT^  •^cniHdm  Ei^^b  - 
i  ■  IrtBT^  '^cndHifm  Eji^b  - 
i  -  IriBT^  •^'CniBidfn  £ji:^b  -  CTBib  luri 

4  -  liknArfaM- hhArri  Un 

i  ■  UbiArtarH  —  ODw 
a  -C3T±n^n  ^ut*n  IriirriCa 

T  L^mduihin  TimIbb  -  (Mtm  Furi 

h  ^BT  lutiBH 

it  .■.  PhrimitK  pBHta 

I&-K  ^to^BHirT^  B>i^>fl 

1  i  RhI  N-^jrri 

il->  Fii4  Cm-  c^fTB- 
1  %  liii^  111  Tirt»fl 

I- i  ■■'  MkI  T<BtBw 

II- '  UBw  u*w  -teErfe^ 

A 

Fit  ivilm  rviBBU  Bi  pl4B«  nAili  Bh 

tilLiii^ri  ^n/:  hrAC;  Dteamd 

a 

|PVt 

Fir  PVafAm  B#|r,  li^Bi  r^idB  m^iMrd  kil  i  ibIi  ii  h«  PV 

T 

Ith  iB^BwnBtrhr  ■  kr^4«  1^  P^A£.  ^ 

^■k.  lOmPi-Jz  Lu-n  ta  m.  nhr-iMiri. _ 

Doamn,  PMUinB^  A 


Hd1H 
rstinl4]  Tn-S^'^4 
Aihu  tzn-E 
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Appendix  J:  PG«&E  Form  79-978  "Interconnection  Agreement  for  Net  Energy  Metering 
of  Solar  or  Wind  Electric  Generating  Facilities" 


Pidnk  -nKi  -~nrT\iiri' 

Sirf.'viana  CjltafEM 
US 


P.  UTd  S»^iUa  SCTH-C 


ELBCTHIC  SAMPLE  F=OPM  HO. 

InercarredJon  ■‘a  Enera^  l*tEftTO  ^ar-sr  Alid  EtocMc  1 

G«nent^  Fad  rt«i  Dt  1  □□□  KiowMtS'  or  Lss:;, 

OttirTha- Fidh:«  Df  3C-Rk?ii.^ar  Les:  7 


P1BH4-  RMer  Id  Atiauhed 
^rpk  run 


AihUL^ivlWt  411E>-C 

ICID 


2«!p  n«^  s«g>~i  5*'  in  3]  1 3 

BMnX,  C^mry  m  aifT 

V^rrmmmtt  qw^txi  Ala  _ 
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I  NTERCONNECnON  A'GREEMEhfT  FOR 
PxHk  {iM  Hd  net  energy  NETERI  NG  of  SOiAR  OR 
^tnc  Cawijp*iT,  ELKTRIC  GENERATING 

FAaLmES  OF  T.DOa  IKW  OR  LESS, 
OTHER  THAN  FACILITIE5  OF  30  KW  OR 
LESS 


TTh  ifci-  £nnp  iJWiiw-Jir  trf  ti-  riArf  .Ehrfkfc 

1  jvrf  bWWn.  I  *■■  -n^.  ri  <ri  fcW  r.  I  —  f&ni— t»H|'  ^  HTtaBd  |i>U 

nj  MVw  ,,  ,  ,,  ..  ^  ,,  , 

rltaaibl  ■nd  PwA.  UM  *hd  EkacUrk:  Cofr^qr  |.Hb£|^  «  Capndnni. 

OaiBiftT  PG&E  ■■  uTHfrm  itHi  i^i«i]  k?  !■  fiK  Aifwiwk  d 

I'mfmiHtv  H  'FidTV  '  lA  -soiwitarrtui  bI  rruLai  porriiH  ind  -sUh^oin  ditai  lA  1M 
AMM  ^  ~  -■■■M  Ph  fWTMi  HSTva  m  IiAuvh 

■L  score  PUAf-CP^ 

Th»  AtpvwTHil  piuvtdM  fai  C^^snar-OvwiAi  Vi  IrAKBiiiiiEl!  cfaiAa  m  CAthAI-iii 
pAak^  h  im-^A  vMi  PC^&Cii  Q4iAli!xJDah  Sj^Asn  lb  iAV«  Ph  A  a  nl  lA  OJiw^d  Bb 

□-■  ‘^ctSc  lAVin  ID  nuTfcai  IM  ft]E&£  i^h  Vi  iilfiAmViHd  CiAIbni- 

C«iAiAi''i  CA-w^u  pAiin^  C^tAKi'i'iA -QAm ■  CAt*i^-xj  FAatfV  ^  rbnM 
pAmM^  k?  iAa  pAI  bf  iA  Fa  Ci.alkiTiA-OAM Ail'll  nti  Aw  H'l  A  lAip^-AHAta 
CariAAnrC  wfF-^  Aid  lb  AcAi  Bb  -vhidLAka.  Dw  pibvABAm  Al  £«idin  12^:37  i£liJ.7  Aid 
iST?  «  CA  CMaitim  PiAA:  tJ^m.  CaA  Aid  -^cac  lAA  Sdrm^M  iNEMl. 

fATid  AM  kik?  Dm  TTte  lAgMiiwF  ipeAa  Bb  Fa  b^tamA-^nABkn~B 

C^AiwiA-v  FaJ^'iA  I  Ai  riwi  Lwm  iifn  Fa  AMaftwi  iJa-wJaM-a  aii  ijpbiAifii^ 
i^AdTV.  A-i]  :hBC  iiUK  iitt^BnAKAbri  A  upw-aui  ol  ''aAVh  ^dflAAd  Diai  Dkap 

^MulbAl 


i.  SuHhi^V  AH&  OeaCWTIOh  of  CU^T[MEFt-^l£l«AAT-CiRfS  GiEliERATnG 
PMUr-r  AhD  D^ChAnOh  OF  OTreftMaE-AP-PUC^E  AATE  SChEOuLE 

2l  A  iMial^Aui  ol  fi»  OwAibig  FwAffV  kiiaidlii^  i  urniAV  nl  lA  Aj ituAC 
MniMiTAiA  Aid  ■  A*|pv4A  M|pAn  ilinAu  4a  s^tiaA  aiaija'**^ 
C^aUitai-OaaiAU^  QaaiAiS  PaATTV  AA  IuAA  ab  IjHAimi'iA-Ad  >KfF-  POitE  i 
□taAbJhn  A  Atadwii  Vi  iiA  itA^  *  [a^  nA  Atf ■wia i  ifTlMk 

^Mulstui  A  B-f^Hd  Bf  C-iAABiA-CAiw^r  a  AsfAmJx  A| 

ia  CaiaiA-v  Pa^  kArAfcAAr  imnAA  i*APr»g  tw  PGA£\ 

2^  &AllLVTAi-OBrAiAU^  ^.ML  BAVn  ^mA<  ID  nurCiA  _ 

iAmatvc  by  PiLA£> 


''  AOfBUUlUfH  I 


I  iM  Ki£  fc-  mill  ArBa.Aw.^..irt-Mi  i 


AilABirr'inaHAAi^A 


ikmTMCk 

mu-iitI-E 

hBrid 
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IntBfoCHnrH'Otkin  A(]rE4fTWfit  roe  NhI  Ethtd^'  HvtHfrq  Sobr  VHryl  Eleotit] 
awiw^iXlFaditlBtQ^  IjaWKWorLflCfe.  OttiPf  TlMiF^iriRlM-sf  M  KWorLwc 


24 


P^'w  anj  B^n  .aad  bf  IF^UE  Bu  litiac  i^Vks  ^pvanvC  LD  rutibai 

iMd  U  iAvrtmUTii  OwWbig  Fikdl^  Hffl  QwrbBui  ^fHian 


Ahiwm. 

CtrSSp<Mt. 

25  Irfianmcdad  Eipi^nM. 

L^  bI  i^rtgittig«i^tMTi«iiiri»!LiJniBiJ!aJ  viTT-^  dri  lAnuLl.  M  Itn^M  U  P^]E&E  (pAd  Fmv 
S^BWiCin  iVHcarr^^-^  HinoiXiBh  Bifta  hl~'^.''ih  Pa  f|ytTiiia  Ealurn.  H  ill 

i^nrta'  li  ifiasd  bf  bnlB  CharjoPa  gaiailii^  Hfta  oA  Da  aara  iia  h 

S^ariKi  uiM  Da  mai^dua  mum  aid  m  hM  aifea  Da  inv^M  i  rirQ.  ^klar'-iHCof 
■dLtioT^  ■ff.^na^  iT  j 


2D  &.alluTai-Oaaiifiti^  LgartHnii'  a^at^iB  iita  adaA^  uita  fW  ^Jhiadia  dri 
ikAadUta  pCU  ffi  bB 

27  TTppi^gTaBlfia  Figtoffi  iMdal  uaa  ifiBai  Otaaiibn  a  ..  .  ..■ 

TliW'HtaciBi]  Oik  al  irM^  O^atUi  ifiiD  bv  Bfnii  Pmj  pvigDad^aT^ik^ 

2D  D  iiBdik  erf  Da  parrrfla  aaH%igni  b^im-^rarrira  toujiiii'iia'u  cnWirion 
erf  Da  ^a-a^u  Fa^i^  a  liloi  k?  Jaaady  2110D,  da^a  Pa  aaa  Via 

parrili  HHB  ^BfBd  . 


±  CH>CLJMEhT^lheLlJ«[>^QO£FlhlEI>T]£Ahb 

Dl  TIbbi  A^mnat  kiELidli  Pa  IiDuwIiq]  aiTiCdta  Diri  M*  -a^iadliaf^  inda-iMmij 

haaiir  aid  namiB  pan  drfl^  ^Biii'a'i 

Apxa-iir  A  DHaljiAdvi  ol  Qatwring  FaaiTV  ind  ^rqrfa-Lina  2kaifan  n"Dn1 


^Himatag  ii  aaar  h  r>T*BM  aaij  bmb.  -^OldZ  vmo'  k'maa  araihi  Taif  i  pra  raiUjOna 

r^aa  aia.j— MBiBnn  Tta  U^aiuawadBwuBAakCKiiuuBi-ii 

~r~..  ••"  — ■•jpiWWkicfBf^faiaaJBrfa  riiBiMiiniiiiM  M*i  ifirHi  ail  ra  i|riiani  a  Biai 

H-^a  ddi  Braarimr^iiPAi  ri^urrMiH  aukiHura  ara-Tua 


AionHif  fafk  aa  a  fSilfaari  'Viai  naa*  i*^  ft 

FiaiTHM 
AdiUHn'iM 
I^Mua  £idfidna'±^ 
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lnlofoo<r>Htk:n  AarEonwfit  roc  NrI  Enaruy  HMfliHlng  of  Solar  or  WfkI  Etapbln 
OafMfJnoFaoIttlatiOriJWK.Worl-BeE^OItiw'Than  FaolfaM-isf  M  KWorLMC 


A^EH-iIc  B  A  al  .lP&t£^  mH  .fa  liMMiCui  -^r  ''ifii  ^  ii 

iFDfYr^  7it^  TfrW.  70-702^  iV  AgiHivi*  lii  Pvrfoim 

Any  TtartT  RM^bU  iMxt.  f  {FoihiM  by 

IhBddkn  ftME  ElKtac  ThHT  Rum  hi±fAffl  LmJ  iMinMnj  ECi  Dwitac. 

RjM  1.  lA  1S.  ^6  hM  2n.  NEId  bM  &dbknw-B«iMie^^  iJViM>n»H- 

ri!  PO££'b  mUfh  by  ib^ML 

il  l  ■!!■  i'll  Mj  III  i|ii  M  I  Mdn  bU  vhM  {MCoI 

^  2  Whan  irM^  — *.  v^bBM  IA  Fb  ^  ^  Elw  liinm  ubmJ 

hiAAri  ihit  Ibtb  rr^Bi'v  ^BJsp'Bd  Bii  DMn  i^F«  lA  DAi  fttf bbi ■  i  iV  lA 
Rr]i±Fi  BmeOc  PiAm  ^dbii  0 


4.  c^UATOUER  EbLUnfa  Mb  PayNEhT 

C^BliiTBi-G«rBriUi  vMcta  FMfk:  Qh  bM  EkBdSTi:  ^bAIc 

mJimlLM  nlwincBd  lA  &b:>ui  2.$al  Dm  A^mib^  h  rh  lilM'iihi  BaiAiMia  lili 
BdiBdUta  uriMrMiAIM  Dwt  wH  bw  BSi^dnsldi  n* 

lfflBHjBBB^*IB-*B  IlM  B-^hBdLM  BW  ^BULM  rfiU 

i  TEAM  AkD  TEF^mATKriv 

S  i  TIm  AtfBii'imi  AMA  bBcun*  ^BJhB  k  ^  dv  UiC  dM  AMnd  rii  lS 

bMfw  TUb  .40HnBr<  bIiM  qtAi-ub  n  U  tori  AMbAbiJ  urd  Db  BAA 

□TB  d1  Bb  btunliy  bvbiIb  iiaan, 

Li|  TTib  FiilM  BJi  lA-wilhu  toAgjitBiByA  ■  i. 

LtH  UnAn  dmiftiAB  b^bhI  IA  wniy  Lv  to  Pwto.  Mi  ttjCn  AM  Ah  Bb 
touting  dita  Db  BMJft:  AAins  ^fBBirvI  ID  n-VTiHr  Hough  Bfkdh 
C^BABiBi-OarBiifiA'^l  >^rBrMig  Fiof^  Ii  i-HmnrwidBd  U  Kl&£  A  JjMJ 

iBrnr^Ad 

IbJ  AL  1201  AM  ihtofrl^to  dto  ^HibirnB-l^inBieam  FT]t££  [iiMiM  wiBBii 
NohB  iMM-m-mt  Vi  11  EMnp  U  to  MM  Fv^-  il  0iMxnB->£toHBh3i1i 

U  P^^&EVi  InMf!  krMiiiiMaiBi  fttf  Bin  b  i 

S  2  CLBliiTBi-Oiniitii  my  AbIVi  tB-nrBAaTM  Ag*— 'i"iI  pAiBi-CVi  Db  Ib-tb 
d  f^BMon  E  11^  hi4  B-f  MMffL  ftj^E  iiAr  told  Bu  lAnfrAA  [Hi  AffHniri 
pLiHHlVi  [hwM-iTB>^  ^cSui  S  Ij^to  brB  bi  nMB  it  Bb  IjI'-bA  g  i^bu-b. 

HI  A  EdMQ^ih  KiAiBtA  iiiAi.  ^rfh  bi  ib^Mu-B;  h  b^.^'ovvJ  bi  •iBMd  Lvili 
Conrrws,  bf  b  idwv  abM  bT  Mdi^  Ibp.  bi  iBjj  Ail  ii. 

ABh  idl  BhU  mMiA^  AMi  di  -oaBrWM  rftoti  b!A1V  ^  -olii^loii  Bb 

padbriti  ftifiEi  U.Ah  indA  ito  AifMnBrt,  df, 

Hi  &B£LiTBi-QBrBiieji  I  AAilb  IMb  ll  >Mib^vw  BAxmi^BdiBd  ih  PGtEi  KMto 
□  M  CiMj'mV QbiwMb'^  Cb-hM-v  Ficfti^  BiQiJ  ctrrto^m  wfB-itoi  Mitb 
dC  iHi  AvvAnBi-CiAniii  Bb  Im  hbrnwiAtoli  ih  MMb  A 


JWurMUL  i^:>BWB:  i*iiil  BBfySMwPiBB  i^wi  A 


fAgt'lal'-ii 

FonUhAM 

A^u-ii'A-l 


±ifIinUi‘±bl± 
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IntBrocmAotk^  ^rHnwnt  For  Net  Erarn^'  bMHlng  cC  Sc4ar  or  Wnd  Et^Dtnxi 

0ttfWf^riaFaQ<irtlPtoC1jaQei^Wo.rlji6c,OltiBf  TIm  F^ailOw-Qf  M  KWnrLKC 


![£)  Ci.Mh*T«i-Qaraiib:i  ^vmina  Ift*  Oanaibig  I^^4£  iMfl  ttovn 

OaiBrtny  t  ftME  d^iitdriii^  h  b  ib 

Fbdta^ m  ibi^s^ifibiiil  hU  CidUi^-tlimiKiS  iM  priuvj^  * 
■JblaAw  i^^nw  h?  POU  !VAa  oi  M  iiCinl  U  b-m^Cv^k  ^  ■■■■li  k 
■  Miil  aI  Jlbmitiri'i  ^^arC  rijaisbirTHiC  it  Fa  Oaairi-XJ 

Fa^V  ^imng  Ciatona-Cnibni  laar  ail  abty  b  -nbiLa  b  -s^aa 
□a  Qnai'y  Fa^l^,  b. 

|.Ef|  C^^bvrai-Oaaiau'^i  FazAtv  laHia  1b  iraiC  il  ^xJbib*  laytir 

B-iJ  ifaftarra’u  ■taiJa'^aal  bilih  Sabn  A 

S  ^  trv  aFar  [iwtaurm  st  Db  /igMiiaf,  POU  iMfl  law  Pa  iiift  b 

irbbiibf  A*  vlT-  Ba  CannaibiX  iisaaail  b  Fa  Catinabsfi'A  liiM  aid 
■■^bbirm,  bi  Cb  bimnib  Db  J^i^mad. 

S  -1  ^aaia  b  Bbrlad  b  aid  mi|jaiifiai  iMb  Db  Agauia-i  iMi  lamrab 

omrari^  ani  Db  J^Hna<  uiaa  Da  Ian  ^pwd-sFiawba  lavwrbi^ 


A.  (lEhlEAATlM  FAi^uTV  R£OuR£m£nT^ 

A 1  CiallLVTal-Oaaiab'^i  ClMnaM'v  PadlCy  kiiBC  mwC  b  axajai*  ibaip  aid 
paluman  aa-«b4  bbCaaiaJ  bf  Fa  hbii^  Ebdicb  Cork  Fa  IrblUb  it 
BabfUl  a^  EbJiWjt  Ertfraa^  a^  asaa^ad  labbig  bboiauMB  aadi  h 

LbDaartbii  Lbu  ai4  aftaa  -Jta  it  Fa  Crmtiabm  lalb^^ 

mtwff  and  ibiUV  ndibnsi  Rliv2l. 

A  2  Cia&vrai-Qaraiaii  ahb  m  rrtbrtbn  Fa  Qaatiam  FaatV  aid  kIWtanadoii 
F  a^b*  la  a  watm  aid  rra  bha  a-iJ  ril  ■mribiiMu  vTF  M  ^^aaiai  Ibvh 

a^  avJliaaa  iibjilng,  bJ  nM  kr^bd  Bb,  t.1,  aid  ibbii  ary 

j^aa  maiU  aillnUjbrm  a^  pairti  laqiiail  i!a  Fa  -aDraaifdan  aid  i^aifcn 
b  Fa  OaailBrig  FaibTV  aid  traactnnaAin  FauWaa  C^urar-OaHaiLi  krt 
larrbaH  P^^AE  ibrt  any  and  b  kaaK,  dbara,  .a  alia.  dT  hbb^  k 

Inoaa  m  a  it  CiaKma-li^aiaiajrk  fbua  b  oi^n  b  rraklbn  aiv 

SID*a  rmaiU  affi  DU  la  and  iv-nb  atMial  b(  Lmar.abr  and  unboii  it 
C^afurai-Oaraiau^  Oaananij  Fabb 

A^  C^aiUra  I -Oara  I  bu  aad  hbC  can  nail9  ^bb  upa  a  lui  bri  Da '^ra-^roi  Fiab^ 
laW  P^E  haa  laiMtM  ai  iii^  mflai  ^jcti  bafl  rianaty  !a 

|j.ailad  ns  aaa  Daal  Dacjc  ij^l  bb-aH  4i»kmbiy  ftMEa  la^^  b  0)  ^ 
OFn^bad  Carablv  FiaLiaiaLaji  Jli^baCui  Ika  .Un-EaiaaC  a-  CkAki 

Am  fiwsv  AbiaaJ  ^nb-v  fDaTiMan  it)  hW  ab  r,LliO  krif!  ipaTn  7A- 

d74Ji,  ndudiy  al  aEpul-y  (buartab  ail  iJ^iiaa  h  ^basliad  b  Dia 

A^biciban,  C3>  a  mm^dvlad  E^jacMf  fM  fnaue  Mbaii£>  !M£h(i  p  iihiia  ia 

^V*acakr><ilnbnn  7A-MA|  |^|  a  kgad  andasnrMad  kteowKlka'i  A|faa»AI  ikr 
iVM  Siau^  Udbferv  it  ikilm'  ir  VAwI  E^JrM:  ^btaibRv  ^KdBn  -b  r,AK  l{lV-b 
iiaaa,  Cca-  Tihan  Fabiaa  it^iiiit^  i.ima  |Raihn  7IUI?A|.  ail  |«|  a  osw  nl  Fa 
C^aCurai-Oaraiau'^i  AM  la^adaii  idaaaia  horn  Via  jMiiiiaitd  aiFuf^ 
hanlg  j^kAJun  wM  Fa  Qaiaiag  Fab^  Sibl  aqiu^  drt  MA  !a 
laiaauMb  vAfMd.  PQ&E  ihb  hDva  Via  DfiDI  Vi  hava  aiiHatAbw.  iiHatf  M 
Da  Dbmnnaainna  T-^  h  Ariiwd  b  F^k  ^  Ci.afik«-OarKiki  ahdl  ikAS- 
iftUE  IWa  1^1  btbraaa  Apn  jpillbi  bi  Da  libH 


^uiutu  ^c>aaa  I’akaarf'SnaHaa'Pai  A 

F«1HM 
J^u-n-a-l 
RMua  iripdnarHfiL 
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IrrtHoccmtotkDn  AurHownt  For  Nst  UrtHlng  oC  Solar  or  Wnd  EltrtJig 

awMf^raFaolimpfcor  1,W»^^WQrLjt«,0-BiBf  Thai  F^alliapt-Qf  M  KWorLwc 


T.  IhITEftCiClKHECTHX 

T  l  &.aJi«Tai-OirailiLi  P^£E,  h  lirt  [lomto  IWriHfra^orl 

FkaUn  1M  QiriUbLAui  '^^■Ivn  pHnmri.  hU  dhn 

^iMiTB  lifrn  -avraip  di  I'vrfV.  w>mJ  ixanl  l^i  tri 

ClaiBifti'ii  Qwring  FiitJ^ 

72  bJM  Lm  i^^dthUw  b  lb  ihiJji. 

orwCliddR,  iwirflru  ofviAv^  Md  rarinnv  Da  IntaamtarKn  ^aulflM 

7  2  H  puviM-agf  ij  Da-¥lL  ft^  Jl,  dT  ary  rtftW  tal^  di  lul#  ^^uvd  bp 

ComnBBr^  U  ■  lurloii  d  Da  i  JMi  iii  ■  1  ii 

Fa-^hfc.  Ct^Cuiai-Oaiailii  a^  PQfcE  MMl  pisib^  'aBaJ»  ai  Spa^  Fadlndd 

upaalui  riMii^ifciow,  ami  irMttntipcHm  I’nhatai  laAji  Ffc^Bia  TMiSpadri 
Faafebm  Ayaana^  iraa  bd  dBar*aJ  Vi  ihd  rrab  ■  [wT  d  Db  ftyiii  a  <  h 
Apca-flc  B. 


D.  UHlTAHOhOFuABlLinf 

EUi  Firqri  l?  •seai  b  ary  kai^  ddlti.  IbA'i  oi  ■■i.ii  ■■ 

lrE±j^U  laHubia  dliiiapd  laMr^j  BCi  U  Fibin  arp  ad  bri  omiiKil  in  b 

pvTluman  d  Did  dl— i"  *  b  bPWl  Bb  tPa  imouli  d  ‘^ad  dan^^  aikdi^ 

irau  ad.  n  hD  -tvad  ilafl  dV>a  Pdiy  La  kiCPa  Vi  Da  tfha  FbT^f  Itf  ary  aMari 

lara^^wdii  dri  p.rMwdiT^aAd  a?Y  Und^^a-»«: 


A.  IHSuRMHCE 

Chaltrrai-Oavib:i  Fddkip  a  aipiiadVi  uirrpip  arr-  -AiKbb  iaj  iiiwidabn  di  — ■*— ■■ 
6  aiJ  Uoal-ij  Ibf  raui-n  y^wa  hi  ^aa 

CjImai-OaariKi  ihd  '‘jltei  Da  laipiiBl  aid  d  WFAMMrrarb  Eli 

ibMr  U  PdiM  Opaidofi 

Tha  •radAaCa  iDad  yumta  IPITp  dtandd  bin'  mllai  ■**■■  Vi  P^&£  pdTi  k? 

PdtA£  ahd  haa  iia  IQM  bj  l-apatd  61  i£bii  a  i^v  d^  Da  odi^'d  iibt^  dl  ybaa  bri 
l-au  an 


Al  D  Bl  a^  ba^^liiQ  ad  lipaaTard  Da  Ciafivna-Oaiald  Ua16  mMCTha 
la^aarartaiih  la  Tl  ii  A,  id  bdodu  rauan  ilkd  aspip 

C^abvrai-OaailllLi  ilid  pioua  ail  maaan  A  mmiTdad  g^A'da  liCd^ 
lirau  an  potcf  d  tadi  h  i:ii^d  h  Da  Idddirn  Aavl>^B;OI)^a  pBQ{->BiiiTidid 
kddV  Liiva-v  -flOMidn'  bn,  dd,  if  ■2tatona-‘2d'Mdji  a  ai 
i’llvitkb.  Dn  hdd^  oiw^d'^i  iHsald  pl*TdH  AM  -n  AE  dd.  n  land] 
d  Dd  iBO  ^n«udan  di  nasid  laAdfy  IrdiiAndocarian  jad^  bn,  dd 
aidaBbia.  piumlii  apAdanI  oMima  hb  l^a  Ddi  Da  fldi  iijlfi'Pli.  Inw!  ddi 


AiitfiiHc  bc>aaa  PaAwarr'inatrua'bvi  A 

dAt-PoT-ii 
Pan  THM 
J^u-nd-l 

February  2014 
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I  ^rHfTwnt  For  Nrt  Enarm'  MvtPflng  oC  Solar  or  fflnd  Eltrtit] 
SaiiBf^ra  FsolltiPt  oC  1.aoii  KW  of  Ottisf  Thai  F^rrittlM-  of  M  KW  w  Lpm 


^1  Tifu  Hkh  ^kjtvB  Hcli  t^oaiinv 

Rilhgal  □■  Gnia'<g  F*cii^  MgpaahH  tan  ura  lmMna»iJ  |lDC^  KhV,  bri 

Ona  lirdMn  tk^ai  itl.iQtt)  UQj  tai  Mdi  C^aaiaivir4w>^iiM 

Rung  of  □■  OarMiirpg  FaJi^  MdpHlM  tan  hm-tf  |2Dt  iM  EMh 

M  fc"ta  laMUtiaill  hW  tf 

Fha  hmdrM  DuiMni  ikilmi<;S5[]k^Ui^'1ai  taA  ■Ru^iarn  M  lifa  ^ivi 
r^i  ■  Ma  ba^oi  ta'I^na'^iy  Ftf^m  rVw^  |U|  K'A  M  I«. 

Tm  tuUlad  nn^nj  lei  •^bshooajE'Mn  H  □■  illiita 

riMi  ■  Mk  bfirgd  ta'^v^rq]  FacdV*  Ian  |1Q|  iM  6i  (h  aid  ta 
Owinia-ll  r"  fca^  !■  ‘smacfad  B£i  a^  aExunI  l■Kdv4rg  lai^ta  ain^lw 

rrbnF^l^ 

77i*iiHaaia«aMl,  bf  ■itsnanaC 

^1  MdFf^Hinafttes-alnaaBd, 

'^Ma  DaE  Dwaaga  p'^onM  la  FirnWy  nJ  la  lioCih  bdl  artlbJbiQ 

wir-  Bfq-  aauiam  a  ^l-iruaard  militana]  bf 

Coftian  i  awaraa^diitaHl  daM  a ‘Sna-kataV  i^^-wa 


a2 


H  balma-'^ra'^n'a  Faakiy  m  U  ai  aiauirC 

iHiJaiaBi  aa*  I  a  Adm  a-iJ  Iha  la^anaf  dl  £«dui  ^aaaA 

C^aturai-OaraiaUi  Add  dLbadr^  Da  ibadaiv  laii^-aiJ  lA  EM  ^dbn,  bai  .^un 
Ciaharai-OanaiaiB^  wfta-  bi  POilE  lb  d^niJau  Hffl  11 1.j  Tha 

(■^iaTaifaid  ^<Jui  Q  1  a^  La  aaiaJ 


C^alurai 


nail  «■ 

dai  Ba  lai-iiaja. 


'-naua  iffTi  K]|aiiva  llofn  ^^j£. 

a  Ma  fhiny  ijSO}  cdanda  ia/i 


dta  hi  ^sa 


d  a1 
Btara 


A  ^laaKna-r^aMMa  -r^aa  lb  ^t-aaija  Eu  tava  rac^ad  haaLitai.  tt  III 
CtaEurai-Oarailbi  a  unaBa  lb  laiMtk  oailrurg  akMua  d!  OidCbna- 
rlaiaMa'ii  ddfy  lb  adl-iiajdi  ^tdbbfcid-OdMbHai  ag^a  bi  nwradM^oltaii 
Da  njiaai^  la^Ml  laite  ^aarai 

Q  4  M  a  ill  aiiia  1i  1  Mtaia  adM'aaaBa  dhdi  La  avad  amJ 

adarnal  vM  arai  b1  Fbi  Bb  ba  lottmliy. 

Racflc  Oa  and  Ba±rtc  Corr^i^ 

cAj  EMCIlS  LlC 

WII 

Fax 


■Ol  IhClEHMTY  ra«  FMLUK  TO  COUPLV  V^Th  IH^LAAMCE  fWldl&Olti- 

■Oil  n  Cidbana-Qanailii  Aiklb  wfT-ifla  lajarxra  laiHtaiia  dna 

Agpaanai,  Ondblrna-tlaiaaiia  aM  iC  fajoati  exM.  lUhid.  ava  baiidiid  and 
I’lbmiiS' PQU.  Hi  il'adu^,  dftaa  anduvaaa.  ^avav  and 

afn^ajn.tn  itaaactbm  ad  ary  and  al  ktai  babkiy  iMn  v.  dikn.  uM, 

Lhaja^  Mrranl,  ol  Bipaaaol  arp  Hfidal  habilaijirid^-^  dbinafla  kiM  ad  Ida 
ixata  dt  ttghtati)  laaibgtai  na  aa-  d  h?  aqf  la-am  b1  ta'ri^p  I?  dry 
P'^jaAV.  ndudrq  Dw  *nd  puoaliy  d  Da  .dlV.  Bb  Da  atailtal  Da  .dl^ 

anid  ha*  baa*  pdtai^d  hndCidCbaa-Oaaiata  loirr^Aal  mK-  il  VLadi 


^baaa  Palnriar'SnaH'Ma^anA 

h%gi-adi'ii 
raai1M» 
AAUHnd-l 
IbMau  ^dfunuribiL 


ESTCP  Final  Report 


75 


February  2014 


InbHwrvwDtkDf^  AarHowfit  For  Net  Enarm*  MvtHtng  of  Sefar  or  Wnd  EttrArta 

eaner^r^FBdirtlPtQf  1jWli!^WorLj9eE,iMiPf  ThmF^o<ltke*fflf  M  KWPfLPM 


IrHu  na  ^uvlHvm  TM  ri  liifci'i'i  id  Il4i  ^ctui  fSli  h  nril  ifcimMii  k?«4h  arf 

■uii^MiJ  di  h iiJ'PtJ  C .^bnMH^aiw-riDi  Ac4  B£i  wtijf  hmA 

Rj  l‘■u■m 

Th*  puvtaUmol  Dii  £«(Jui  iQ  alrt  nM  ba-siartiivd  k?  wkwa  arp  inftan  M 
oCrigiAiia  k?  pay  Rry  I’au'ana  diiTR  la  Bsariam  atTi  Dt*  piHtotn  q1  arf  vafa 
I -Bu  area  peter 


ii.  rtO'rieEa 

l1.1  -wTBan  •aarml  ok  -atraiad  auDurUSwi  •sAhaclMFh  afn  laa 

J^jpaamari:  ^heCn|  al^  bm  pueRty  i^vaii  M  -A^TRBd  la  paraui  H  aarl!  Lqf 

AnM  tad.  pu^ai^  ptapaal.  ketka  (Rraoii  ^aiAaiJ  LMuh- 

H  lii  ftrt*F  RrJ^  Oh  iM  El^drie  Cerr^^qf 

MtaAoii  •^naiiui  IraaPLurna^nr  Sartua-Ca^fikacl 

PrianagvTRii 

2+SHWMaaaak 

lUb  O-eiita  NfTL 

Sm-  CMimtwm  «4yM-tnQ 

ll  lii  C^.^J^'l'!■^  Qw^a 

&.atiaTRi-OaiRiillCi  htana 

'iklM  _ 


^  -rr 

PtkeriR  : 


FAX  !  I 


11^  A  Fiar]^  ki^  dkipsa  M  E!(k:a^B  lu  hUcH  ri  RTT  dina  bf  ^ftwHiu  ika  Mk* 
netcB  d  Fr  daavifi  aomiiriiu  ■wTF'  Sadanll  1 

li.t  TTka  Piata  riac?  i^v^ta  u»d-qj  iRjaaRtaCv  Vi  orindtEi:  fka  ik^ 
immuraariorR  alMk  map  ba  nai^HakV  AT  DEvaraail  iM  4ka  adna^ri:4ui  d  Tte 
Atf  auRt  U^mrabrm.  iiad^iv  irttih  aAkniH.  aM  phana  nLirbara 

ba  HmnixtealBd  dk  laairiri  byci^  haiV'ij  Ik  ETr  Hkn 


ll.  kE^Eft  OF  kEtOfOA  MHO  MTA 

1I.I  FO&£  itril  rRBa  irii  1^  U  lavlaR  M  iJSmii  ocMh  d  Oi^anR-^^nRakeTa 
uDRaluR  a-ai  nrirriariraR  iRxiiiri.  leyi  ok  riha  irAfemrtui  hi^  h  OaraaiiikS 
Fr^V  iiMirtR'^iLR  oilri^a,  diof  biiaaR  Qivabr  (a^tlikg  riRnak 

iHri,  iriap  triViki  jiRiak  rprIi  pimfnkg  BP  Oi^anH-^nRakerk 

CRiRriiU  pRdl^  bi  M  lihtaciknraidon  Du  PO^ 


JLaofMuc  ■^lakRurr'SnBtrua’i^an  A 

FmIMM 
Afhu-naM 
briRU  iapaniri^ 

February  2014 
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ln(sfy^c4Y>tothM^  AurHnwnt  For  Not  Efwu^'  hMsflng  of  Sobr  or  Wnd  EtMtita 
0anefjno  Faditipc.  of  1  jOW  IK.W  or  Lac^,  Othsf  Than]  FaoitttM-  at  M  KW  or  Lpm 


lU  C^almi-0«»iilli  aLruUM  to  •<^a^  □■  Gdftmftoi  Em^  Cfirmi^ 

(.CECj  krilarTalui  '■i|iiil-i|j  CiMetmai-c^tombirt  iiidjilu  o^uih  rma 

■-■I  boAOn  tfla  *hd  ofwvAu'al  idiHHdalila.  h 

Aati  BhnvVi  Dm*  puA..brA  blii  C&tL  iii>M  nd  'vviibaiw 


ti. 

C^almi-OwwiKi  aiwM  ra*  rdirtUI^  ^  U  ^Mat^  fb  lUta  jabi  1W 

AuTHTml  miTtaf.  PO&E^  ElmH<.  A-^  oi  iM^^ui  CtMBiwim- 

OaiBikr  nth*  ainnh  R^&E'a  wfBni  larwt  tMl  ml  !;■  K^&£  fthtl  ibl 

i^HHu^iy  wmitU  b  oabari  bC-iAKBib-ObiH^ii'i  aitlgYTMrCQj  IW  Ag*iiiMi 


■A  NOk-kUih/Eft 

Non*  i/  □■  ;anrtHBV  id  Pta  Atf  ■■■■il  ■!■■  b*  m'*bi»3  hvykJ  Iq-  A  FhafTV  Jt-^a 
WWW  b  ahW  hk  alHrig.  Ih*  fWaw  bl  ■  Bb  iniiif  bh  wp  bh*  bt  tibrit  t^bnw  4UI1 
Ifirt^  iW^ma-u  id  mrf  d  Da  iJii^laub  bl  Db  A0  vnaA  it  k?  tWa  abab^  £ri  bry  bt  b 
hbaLnW  AMt  mi  la  lU’WrwJ  w  *  wbvae  id  brqf  bi^j  ptuvfaUa  it  4k* 
ibn^niwrarCal  bv  hj^  fifti  bt  4k*  FJLi*.  Lm<  Da  aara  ifbb  ‘anbiua  ail  Milhk  lb  U 
b  v  akd 


iL  60vEf4«4i3  lm4,  JuAaC«:;lKih  OF  MwwmiQb,  nCiilOtOh  Cjf  HU£‘i  TARIFF 

aOHEfHlLE^  AhCi  AULE^ 

tS.1  Tlw  Aywana  l  iftb  b*  irba  ;abbi  i^bvatta^  akd  isxrbiiad  ui:b  Pa  Iwt*  ol  Fa 
'^ba  ol  imdittwt  H  IF  azacibd  akd  kb  b*  sbAi  trad  allkii  [h*  3lb*  id 

CaMoifAa  HfTiuA  tfkrtig  dtw£  Bii  d!  law  piuvbnra;  Dbl  iiiiJtt  1b  4ta  ba 

id  a  dhwC  fibril  Ibi 

l5J  ThaAopaarra-t  tfiil,  b  tfl  brW  bw  a£iw^  k?iki^  cfWgib  bt  rmiHafiura  bp  4k* 
ConmaHP  n  k  irblki4!nb  h?4na  Jacidk  Fa  auii^a  bl  fb  ^bddin 

t5^.f  TTi*  lAWjLiriibaa-:  bkd  AaVww  ptwidal  Jiba  Bit  JigTiake  tftti  iC  it  Irrw  b* 
bf  jw  I  h9  Dk*  Ibirb  bkd  -si^dlua  W!  lofBh  lb  Eh*  TbP*  ail  Rd* 

KiiKjWti  kb  Da  b*i±tc  aaMfa  pimWbd  bf  P&t£  vtd^  TbM  ^^adUta  bkd 
Rjba  ba  tiaJiJJAWJilfbb  Fbk  AipaarmC  4W  M’ba'iJ 

tE'.4  NDhvDrAnJu  tTY  iDw  iiiMaura  d  EHi  J^wnakE,  POIE  alab  ham  lla  rii/V  Bli 
irdabat^  A*  alT-  Fa  ^brnnadoik,  p^aiiarl  to  Fa  Cunnw^onFa  ‘jiw  bkd 
lagpMn,  bn  ^  ■,*  ■a»iiw  lb  IbaiHi  bkii  .  bifit  a  bkff  of 

Ilia  b4  bip  njaai  a  I  ibb4:4j  FibW? 


■L  AHEhOHEhTAhClMOWKATlOtl 

ThaJA0Hna<  bv  ambddi^  nudhri  bp  avvfbigaQF*d  bf  boBhi  Fib^m 


AiiffMitr  rafiwa  rijiraafi  •kiain*a'i'*wi  ft 

h%AI-bdl'kl 
Fd«i  Tt-Mb 
A^ua'b-I 
RMua  idfiAna-HriL 
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Aart4fTwnt  For  NdI  Erwu^'  MfftNlrq  oC  Sc4ar  or  Wnd  EtMArin 
SaiiBfjrMai  FadBUat  of  1.0M  KW  or  Lacfc.  PBiw  Than  F^aJItlw-  of  M  KW  w  Lccc 


I?.  EnTAE  Al»££HEhT 

Ttik  linctfdra  Hq-  iii  iii .  ii  ^i1  T ind  osntn  ETh  airilw 

i—ift  lahd  babtavi  □■  4Mf  hU  ■n^doiMH  m  Ei:i  ?hi 

■  ^n1  rrriBa  •st  D^i  Au-wvraid.  EUi  HiM  lA  iIhiItj  liV^ 

■  Ite  hM  iA«d  b#i  M'Liji'i'^i'.  IninTml  ¥MiH-fV. 

dri  dIM  iJlliAiMt  Ml  IcTK  lA  IHa  J^jiMnvrd  AT  h  Ihp  i mr-pDF’^Bij  TaI# 
RjhH 


A  HOkAltMBi 

Ihl  WtTlEiS!^  W  CftE^i  haiilij  h*va  Dii  JigAnwiI  Vi  iia  DauAd  I4- 

Dhi  lU^  AAMIIad  i^vMrd^nH  TWt  !■ -dF^iAn  h  oJ  tarf  ^Mw  loilh 

brim- 

CuaTOMER43£j£R4Tr^a  VyvE  PiA£;FK;  ElEClT^  OOlAMIr 


htBTIB 

Titm 

Cm 


hiBna 

Tb 

Cm 


Caw^tn  rdHsmadivi  ^Sarri 


Adunuuc  pHAwurrlnwnM'i^wi  A 

FdnTIhtiCA 
JUiUHn-A-l 
RMMd  iapwuri'AiL 
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pnERCONrccnoN  ii^REByimT  for  net  ENSiGr  metering  of  solan  on 

WND  B-BCTFUCOEFERAT1NO  FAOlLmEl  CF  1,a[»  OR  LBIS,  OTIB^  THAN 

FACtUTIES  OF  3T)  KW  ON  LESS 


APfENOXA 

DESCflPTlCR  OF.GE'fRftTlI*!  FA£*LnY 
AMO  a»£3LE-UhE  CmOR^ 
lir  bj^nra'^^rviisi; 


d  i-i 
P«n  ?MHj 
AddU+1lM 
A<i«u  iMpaMur  Iti  t 
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kitoftmuiHAlDfi  A^nwnwdl;  for  hM  Ejibwqo'  Mrttrlna  of  4-D49'  or  Wind 
■SenerstlnQ  or  1,DQ4  KW  or  Lm-,  DOw  Ttun  FaoJiniK,  of  tf>  ¥W  or  Lbu. 


^^PffihCU  B 

Rjta  lol  Rli*  Si  /ldMm«rbi  bi  ni  I'lriirfMui  ol  Afei^u~iai  FkJiIh 

■JSi  7U-SU,  T*-Tac:i  ^  P^tn  Any  Wa^  i}Sir4S27\ 

iFum^d  Ij^iiimi  Wv  FirtM| 


h%^ii  d  i-i 
tm  TMHj 
Amu+iiM 
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Aatbu  lAi  t 
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Appendix  K:  PG&E  Form  79-998  "Expanded  Net  Energy  Metering  (NEM)  Supplemental 

Application" 


BfeBdIg  CoiTfiarTy 


Cm!  IP.U.C.  Me. 

Ct/  P.\J.r.  LVkhI.^^ 


3Z1IZZ-L 

nrvT-L 


ElMXtrla  4-ainple  Fofm  Ndl  73-tBB 

Rt^s'jraoeardEirpandHj  Met  Enenjif  Wefcerrs SuppIt'ntTta  ^plcatji:]i^ 


PlftacBi  RertrlD  AJIftkotwd 

Samp)!#  Farm 


^dvtsi  ■ 


ttfai'M] 

Me 


ai+l-L 
I' 


1C? 
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M«B4lAsfi.Nb 
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Appendix  L:  Camp  Roberts  PV  Power  Plant  100%  Design  Submittal  Drawings 


Camp  Roberts  design  drawings  are  available  by  contacting  the  PE  CEM  Environmental  Engineer 
from  the  Environmental  Compliance  Branch,  Naval  Eacilities  Engineering  Service  Center 
(NAVEAC).  The  file  name  containing  this  information  is: 

•  Camp  Roberts_Approved_Set_01-23-12_Portfolio. 

Due  to  its  file  size  of  13.7Mb,  the  destailed  design  drawings  are  not  included  in  this  report. 
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